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TO THS TE,JT>E%^ 

T HAVE written this brief account of the lives of 

some of those who, directly or indirectly, have 

contributed to the advancement of Physiology, or, to 

use the old phrase. The “ Institutes of Medicine,” 

solely as a labour of love and in no sense as a task. 

For many years past in my lectures I have been in the 

habit of giving a short sketch of the lives and showing 

the printed works of some or most of these illustrious 

“ Apostles,” and of many of their colleagues. These 

notes as now printed are not intended to give a con¬ 

secutive history of Physiology, but in arranging the 

subject-matter I have followed a roughly chrono¬ 

logical sequence. All the portraits are of those who 

have joined the majority. The illustrations in the 

text are all taken from the originals in the works in 

which they occur. One plate I have added to 

illustrate the powerful, vigorous, and artistic treatment 

of dissections of the muscles by D. Bucretius, and 

the quaint, not to say picturesque, manner of treating 

the nervous system by C. Stephanos (d. 1564). 

I have omitted much, especially on the recent 

discoveries on the central nervous system. So many 
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of those who have taken part in these advances, made 

practically within the last quarter of a century, are, 

happily, still with us, that I have left this question 

aside. I have dealt more with the past than with 

the present, and only here and there, and, as it were, 

incidentally, referred to some of the great living 

“ Apostles.” 

I have endeavoured as often as possible to let 

the authors speak for themselves. The quotations are 

generally given in small type, with a reference to 

their source. 

If I were to add a list of the works consulted, 

it would. be a long list. I have to acknowledge my 

indebtedness to the writings of R. Willis, Lectures on 

the History of Physiology, by Sir' Michael Foster, to 

some of the volumes of the Masters of Medicine 

series. Medical Portrait Qallery, by T. J. Pettigrew, 

Biographisches Lexikon, and the various Histories op 

the Royal Society. Most of the facts and quotations 

have been taken from the original sources. 

Long years ago, in Ludwig’s Laboratory, situated 

in the street then called Waisenhaus Strasse, now 

called Liebig Strasse, it was my good fortune to make 

the acquaintance of John Cleland, then of Galway, 

and now Professor of Anatomy in the University of 

Glasgow. Imprimis, fro him my best thanks, because, 

through his friendship, I have enjoyed the privilege 

of increasing my knowledge of the works of the older 

Anatomists and Physiologists. Several of the illus¬ 

trations are from works lent by him. Moreover, 
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Professor Cleland interested himself in the reproduc¬ 

tion of the three photogravures, two of John Hunter 

and one of Vesalius. 

I am indebted to Messrs. T. and R. Annan 

and Sons, Glasgow, for the superb manner in which 

they have executed these photogravures. The photo¬ 

gravure of what I venture to call “ The Queen’s 

John Hunter ” is magnificent. 

For the loan of prints, blocks, and medallions, 

I am indebted to my friends Mr. A. E. Shipley, and 

Dr. J. N. Langley, Professors Charles Richer and 

E. Gley, of Paris, Professors H. B. Dixon, De Burgh 

Birch, Sir J. Burdon-Sanderson, G. D. Thane, M. Verworn, 

Dr. R. Milne Murray, and to Professor Mariano L. 

Patrizi, of Modena. I have also to thank my friends 

Professor C. S. Sherrington and Professor A. D. Waller 

for help. Their contributions bear their initials. My 

thanks are also due to my old college friend Professor 

Arthur Thomson, of Oxford, and Mr. Horace Hart, 

for obtaining for me photographs from prints in the 

Hope Collection, and also to Mr. Victor G. Plarr 

for permission to obtain photographs of some of the 

rare prints in the Library of the Royal College of 

Surgeons of England. 

For permission to copy certain illustrations 

I am indebted to A. H. Hallam Murray, Esq., 

Frank Bowcher, Esq., Sir W. Paget Bowman, Pierre 

Petit et Fils, Paris (to copy their portrait of 

Pasteur), Messrs. Mayall & Co., Limited, London, 

Frau Dr. A. M. Schubart, and to the Hon. John 
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Collier, who has allowed me to copy one of his 

portraits of Huxley, 

With a whole-hearted response, I say thanks to 

Messrs. Waterlow and Sons Limited. Without their 

cordial and energetic co-operation it would not have 

been possible to produce the work in the manner in 

which it has been, or in the short time, less than 

three months, available for printing and making the 

collotypes. All the collotypes and most of the illus¬ 

trations in the text were done by them. A few of 

the illustrations in the text were done by the Northern 

Photo Engraving Company, of Manchester. 

Lastly, I have to thank Mr. Walter Whitehead 

for his encouraging stimulation, put in the character¬ 

istic but terse phrase, “ Peg away.” I have done so 

during intervals snatched from the routine work of a 

rather busy session, and endeavoured to give as the 

result of his often repeated “ minimum stimulus ” the 

maximum response. In any case, like the heart, the 

response is the best that I am capable of, and my 

only wish is that the perusal of this work will give 

as much pleasure to the reader as its production has 

given to the writer. 

WILLIAM STIRLING. 

Physiological Laboratory, 

Owens College, Manchester, 

yuly xoth, 1902. 
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inventor.” Passing over the picturesque story of that learned physician 
PBAJSrCOIS RABELAIS (1483-1553), the immortal author of 
Pantagruel and creator of Doctor Eondibilis, we come to JACOBUS 
SYLVIUS—Jacques du Bois—whowas bom at Amiens in 1478, and 
died in 1555, aet. 77. Sylvius, from 1531, lectured at Paris to large 
audiences, and his fame as a lecturer attracted many students, 
including Vesalius. He succeeded the Florentine Vidus Vidius in 
the Chair of Medicine in the College de France, which was founded 
by Francois I. in 1529. He was an out-and-out Galenist, and taught 
that the veins carried the nutrient blood to the parts to be nourished. 
After his death his Isagoge Anatmdm, or Introduction to Anatomy, 
was published. He described valves in veins, which he calls epiphyses 
s. membraneas epiphyses, at the orifice of the vena azygos, in the 
jugular, brachial, and crural veins, and was the first to use injections 
to trace the course of blood vessels. He also described the foramen 
ovale, and how it is closed several days after birth. He accurately 
described the quadratus femoris muscle, and gave names to particular 
muscles. He distinguished those muscles under the control of the 
will from those of automatic life. The latter he describes under the 
name of vUli and includes the heart, stomach, and urinary bladder. 
His name is associated with the Fissure of Sylvius. 

ANDREA VESALIUS. 
1514-1564. 

ANDREA VESALIUS, a native of Brassels, was born on Deeem- 
.lA ber 31st, 1514—dodrante post quintam matutiTiam. His father 

was apothecary to the Archduke, afterwards CharlesV. Vesalius 
studied at Louvain and Leyden, and proceeded to Paris in 1533, where 
he attended the lectures and demonstrations of Jacobus Sylvius and 
Guinterius (Joannes) of Andernach (1487-1574). Vesalius had been 
a pupil of Winter’s at Leyden, when Winter taught Greek there. 
Winter became a lecturer on anatomy in Paris, and was physician to 
Francois I. He tells' us that he had as his prosectors, “first, 
Andrea Vesalius, a young man, by Hercules! of singular zeal in the 
study of anatomy; and, second, Michael Villauovus (Servetus), 
deeply imbued with leai ming of every kind, and behind none in his 
knowledge of doctrine. With the' aid of these two I have examined 
the muscles, veins, arteries, and nerves of the whole body, and 
demonstrated them to the students.” Vesalius himself tells us how 
he learned his anatomy, and his method is still the only true one. 

medicine in Paris, been willing that the viscera should be merely shown to^^a^d 
Md”th^°'^° V”'^*”** ** Mother public dissection by whoUy unskiUed barbers. 
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He did put “ his own hand to the business,” and thus became the 
Founder of Modem Anatomy. 

The war between Francois I. and Charles V. compelled him to 
quit Paris and return to Louvain. He served as a surgeon with the 
Imperial troops in Flanders from 1585 to 1537. In 1537 he set out 
for Italy, and lectured at Pisa, Bologna, and elsewhere. The fame of 
his prelections—for before this time he had published little besides 
a translation of Rhazes—led to his appointment by the Republic of 
Venice to conduct the public dissections, and to the Professorship of 
Surgery in the University of Padua, which belonged to Venice. Under 
the powerful influence of the Senate of the Republic, Vesalius was 
able to obtain in Italy a more liberal supply of “ material ” for his 
life-work than was possible, perhaps, in any other part of Europe. 
Appointed to these high offices when he was about three-and-twenty 
years of age, he served the Republic for nearly seven years. The 
work he did must have been enormous, for in 1542 he dedicated 
his famous work De Humani Corporis Fabrica to Charles V. This 
great work On the Structure of the Human Body, a folio of 659 pages 
with illustrations by John Calcar, and not by Titian, was published 
in 1543 at the printing press of J. Oporinus (or Herbst) in Basel. 
The manuscript was completed in 1542, when Vesalius was set. 28, 
as shown in the famous portrait of him here reproduced by photo¬ 
gravure. Notice that it bears a quaint form—“OCTUS ivcvnde et 
TVTO"—of the old motto. 

The publication of his great work—^which marks at once the 
beginning of modern anatomy and laid the basis for the study of 
physiology—brought to Vesalius the uncompromising hostility of the 
Galenists of his day. The book recorded the results of Vesalius’ own 
labour, his direct appeal to nature—to what he calls the only true 
bible. His master Sylvius, his pupil Columbus, his successor 
Falloppius (1523-1563), and others wrote against his teaching. He 
seems to have been discouraged thereby. There were probably 
other reasons which led him to quit Padua, on whose University he 
had conferred immortal fame, and in which he had acquired for 
himself lasting renown. It is stated that about this time an offer 
came from Charles V. inviting Vesalius to become his Court Physician. 
He accepted the offer and left Padua in 1544. Here ended the 
scientific career of Vesalius. Doubtless he witnessed that memorable 
scene on October 25th, 1559, at Brussels, when Charles with all 
suitable pomp, ceremony, and solemnity “surrendered to his son, 
Philip (II.) all his territories, jurisdiction, and anthority in the Low 
Countries.” Charles, “ unable to stand without support,” leaning on 
the shoulder of the Prince of Orange, spoke of himself as “a 
sovereign worn out with diseases, and scarcely half alive” (Prescott). 
A few weeks later he resigned to his son the Kingdom of Spain. 
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Vesalius was appointed physician to Philip II., and returned with him 
to Spain in 1559, just at the period when the Inquisition was in full 
activity. In Madrid “he could not lay his hand on so much as a 
dried skull, much less have the chance of making a dissection.” 

Along with Malatesta, in 1563, he made a pilgrimage to 
Jerusalem. On his way he stopped at Venice, where he learned that 
his pupil and successor Gabrielo Falloppio (Falloppius)had died in 1562. 
It is said that Vesalius was invited by the Venetian Senate to return 
to his Chair; on his way back from the Holy Land, he fell ill and was 
put ashore at Zante or Crete and there he passed away in 1564.. One 
account states that he was shipwrecked and perished of hunger. A 
second edition of the Faii'ica was published in 1555, but the eulogium 
on Jacobus Sylvius, which found a place in the first, finds no place in 
this. Vesalius observed for himself, and set up the method of direct 
ocular inspection and exact observation as a method of inquiry—he 
appealed to nature, and not to the doctrines or authority of individuals, 
at least so far as anatomical fects are concerned. His anatomy was 
that of the human body, and the result of his own labours, but his 
physiology was that of Galen. Galen proved by experiments on 
living animals that the arteries contain blood and not air. He showed 
that the left side of the heart during life contained blood of a scarlet 
colour—^he called it “ pneumatized ” blood. It was already known 
that the right side of the heart and the vessels connected with it 
contained venous blood. How does the blood get from the right to 
the left side of the heart, and how do the veins communicate with the 
arteries? Galen had a general notion that veins and arteries did 
communicate by “anastomoses.” The veins took origin fi-om the 
liver, drawing their blood thence and distributing it over the body— 
a very natural supposition, when we trace the course of digested food 
from the intestine by the uma portm to the liver, where the blood was 
“ concocted ” before it entered the great mna cava to be distributed over 
the body. But on the complex Galenic theory all the blood was not 
distributed by the veins to the body, some—a very small part—was 
supposed to pass to the lungs by the pulmonary artery [vena arteariaXis) 
and there gave off some “ fuliginous ” vapours and at the same time 
took in something which Galen called “ pneuma.” Some of the blood 
thus concocted and altered was supposed to pass by the arteria vmaVis 
{i.e., the pulmonary vein) to the left heart, there to be further 
perfected into “vital spirits.” The rest of the blood, he thought, 
passed directly through the septum of the heart, through the pits or 
depressio ns which exist there. Galen regarded them as holes. This 
blood, mixed in the left heart with the small amount of pneumatized 
blood coming from the lungs, was then distributed by the arteries. 
Both systole and diastole were regarded as active movements, the 
diastole being active in sucking blood into the heart. 
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Vesalius ^saw clearly enongli that there was no visible direct 
passage from the right to the left side of the heart. 

“The septum of the ventricles . . . abonnds on both sides with little pits impressed 

through from the right to the left ventricle, so that we are driven to wonder at the handi¬ 
work of the Almighty, by means of which the blood sweats from the ri^t into the left 
ventricle, through passages which escape human vision.” (SL Foster’s Lectures.) 

In the last chapter of his work, which contains a curious figure 
of a pig fixed to an operating table, he tells us that an animal can 
live without its spleen; that the brain acts on the trunk and limbs 
through the spinal cord; that section of the recurrent laryngeal nerve 
—^lateral to the soporales arterias—results in loss of voice ; that the 
lungs shrink or ooUapse when the chest is punctured. He was the 
first to perform artificial respiration in animals. He fotmd that an 
animal can be kept alive by artificial respiration, even if its chest is 
completely opened. 

MICHAEL SERVETUS. 
1509-1553- 
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press must be a scholar and a man of letters, well grounded both in 
Latin and (Jreek. He edited many costly works, including an edition 
of the Geography of Ptolemy, 1536. After a stay of about two 
years in Lyons his thoughts were directed to medicine, and he 
returned to Paris and studied, as already stated, under Sylvius, 
Guinterius, and Femelius. In Paris he wrote a work on Syrups, 
lectured on geography and astrology, and practised medicine for a 
short time. He left Paris and practised medicine under the name of 
M. VUleneuve at Vieime, near Lyons, in Dauphiny, for twelve years. 

It is plain, however, that his mind dwelt more on matters 
theological than medical. During this period he wrote the famous 
work Christianismi Restitutio or The Restitution of Christianity. A 
copy in MS. was sent to Calvin and also to Curio. It was in 
MS. in 1546. It does not appear that the work was freely 
circulated; indeed, Calvin had difficulties in obtaining the copies 
required for the prosecution of Servetus. 

In the fifth book, which treats of the Holy Spirit, he intro¬ 
duces the following passage (quoted as translated by E. Willis), which 
shows, without doubt, that he, Servetus, rejected absolutely the idea 
of the passage of blood from the right to the left side of the heart 
through the, septum. He had grasped the true features of the 
pulmonary circuit. After speaking of the natural, vital, and animal 
spirits of the heart as the first organ that lives, and as the source 
of the heat of the body, of the liver sending to the heart the 
liquor, the material, as it were, of life, he shows how this material 
is elaborated by a most admirable process, thus it comes to pass 
that the life itself is in the blood—yea, that the blood is the life, as 
God himself declares (Genesis ix., Leviticus xvii., Deuteronomy xii.). 

He remarks on the great size of the pnlmonary artery, its 
various conjunctions in the lungs with the pulmonary vein within 
the substance of the lung, as showing that so large a stream of 
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blood would not pass to the lungs for their nourishment only. The 
lungs of the foetus are otherwise nourished. The mixture of blood 
and air takes place in the lungs, not in the heart, and it is in 
the lungs that the florid colour of the spirituous blood is acquired. 

E. Willis, the biographer of Servetus and Vesalius, justly 
remarks that— 

“ Yesaiius, the observer, abiding by the concrete, describes with rare fidelity and 

{Servetus and Calvin, by E. Willis, M.D., 1877, p. 106.) 

There is, however, no idea of a circulation in the sense in which 
we now understand it. To Servetus the liver and the veins connected 
with it were the great organ for the growth and nourishment of the 
body. 

“ The heart was the source of the heat of the body, and, with the concurrence of the 

being the channel by which the spirit that gives life and special endowment to the 
bodily organs is distributed.” 

Servetus’s book remained unknown in the Eepublic of Letters 
until it was unearthed by Wotton in his Reflections on Antient and 
Modern Learning, in 1694, a century and a half after the death of its 
author. 

The rest of the story is soon told. Calvin denounced Servetus to 
the ecclesiastical authorities of Lyons and Vienne. He was arrested, 
but probably was allowed to escape from Vienne, only to fall into the 
hands of his implacable antagonist in Geneva. It is not necessary to 
dwell on the so-called trial. Every one knows how at the bidding of 
Calvin, on October 27th, 1553, Servetus was burned at the stake 
because he would not retract his religious opinions. With him was 
burned nearly the whole edition—one thousand copies—of his 
Restitutio—in fact, all save a few copies. He is reported to have 
said: “ Will not the flames make an end of my misery % Is it not 
possible for them to bum me quickly by buying wood enough with 
the hundred golden pieces and the costly chain they took from me ? ” 

REALDTJS COLUMBUS—or Colombo—a, native of Cremona, 
bom 1516, died at Borne 1557, was for a short time the deputy 
of Vesalius at Padua, and for two years his immediate successor. 

In his Re Re Anatomica Libri XV., published at Venice iu 1559, after 
his death, there is an account of the course of the blood thi-ough the 
lungs, or the pulmonary circulation. To Columbus the liver is still 
the fans, origo, et radix—the head, fount, and origin—of all the 
veins; the heart is not a muscle. There is something unsatisfactory 



about his claims to originality. Indeed, it is probable “ he had no 
title to originality of any kind.” (E. Willis.) 

Amongst the anatomists of the sixteenth centmy, after Vesalius, 
BAETHOLINUS EUSTACHIUS, who was bom at San 
Severino, is, perhaps, the most distinguished. His name is still 

preserved in anatomical story by the terms Eustachian tube and 
Eustachian valve. His physiology was entirely Galenic. He was 
Professor of Anatomy at Eome, where he died in 1574. The plates 
of his work on anatomy were engraved in 1552, but Eustachius was 
too poor to publish them. Indeed, they were only brought to light and 
published by Jo. Maria Lancisius—who was Intimus Cvbimlarms, 
Archiater Pontijkh to Pope Clement XI.—under the title Tabulxe 
Anatomical, in 1714. The following woodcut is taken from this 
work :— 

The plates themselves have an engi-aved scale at the sides. 
J. Douglas, in his Bibliographico Anatomical Specimen, &o., as usual, 
in italics, brings out certain salient features. Eustachius saw the 
thoracic duct in the horse, but did not recognise its importance. 

“ Ductum thoracicum quern in venam, referre albam instnictam ostiolo semicircdari 
intra venam jugularem intemam hiante.” 

praedicat [see Sylvius] earaque exaetdssimfe describit.” 

GABKIEL FALLOPPITJS, bom at Modena in 1523 (Douglas 
gives 1490), died at Padua 1563, was called from Pisa to Padua 
to occupy the Chair of Vesalius, but he held it only for two years. 

He was prosector before Vesalius was appointed. He was a great 
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anatomist, “ in docendo maxime methodious, in medendo felicissimus, 
in secando expeditissimus,” but a very adverse critic of Vesalius. His 
name is still preserved in anatomical lore by the aqueduct and tube 
of FaUoppius. 

IN many respects ANDREAS CESAXPINUS, of Arezzo (1519- 
1603), naturalist,philosopber, and physician, presents an interesting 
psychological study. He first used the term drcMlatio, as applied 

to the passage of the blood from the right to the left side of the. 
heart, but does not mention Columbus in his Qumstionum Peripateti- 
carwm Lib. V., ed. 1593. He describes the systemic cu-culation, and 
how the veins swell on the far side of a ligature. It is impossible to 
say how far his views were merely controversial statements or the 
outcome of patient investigation. One thing is certain, that they had 
little if any influence upon his great contemporary Eabrieius. He 
wrote an excellent work on Plants, and, in some respects, laid the 
foundation for Linnaeus. He was Professor of Medicine and Botany 
in Pisa (1567-1592); then he went to Rome, to the Coll^o deUa 
Sapienza there, and became Archiater, or physician, to Pope 
Clement VIII. His chief work, Peripatetic Qimtiom (1571), deals 
with the philosophy of Aristotle, speculative physiology. He was 
a theorist rather than an experimenter, and held curious views 
regarding the invisible demons that, according to him, ruled the 

HIERONYMUS FABRICIUS. 
1537-1619 (®t. 82). 

FABRICIUS was born in the Tuscan village of Acquapendente, 
studied at Padua, and succeeded his master, Ealloppius, in the 
Chair of Anatomy and Surgery in 1565, a post which he held 

until his death. He was not only a great anatomist, whose renown 
attracted many students—amongst others, W. Harvey—to Padua, 
but he was also a great surgeon. His work on surgery contains 
several plates, showing some of the extraordinary mechanical 
contrivances in use by surgeons in those days. He also wrote on 
vision, voice, and hearing, and of the organs or “instruments” 
thereof. He gives admirable plates of the development of the 
chick in the egg—De Formatione Ovi et PuUi—a work also which 
later engaged the last years of his pupil, Harvey. In his treatise 
De Bespiratione (1599-1603), he deals with the muscles and 
mechanisms or “instruments” of respiration, and the purpose of 
respiration. As regards the circulation of the blood, he practically 
taught what Galen taught. His work on the valves in the veins. 
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is entitled De Vmarum Ostiolis (Petav. 1603). He wrote as if he 
believed he was the first to discover these ostiola, or little doors, 
when dissecting in 1574. 

“Who, indeed, wotdd have thought of finding membranes and ostiola within the 
eavities of the veins, of all places else, when their office of carrying blood to the several 
parts of the body is taken into account!” “The ostiola,” he says, “were contrived by 
the Almighty Maker of all things to prevent over.distension. They are most numerous 

se of the violent motions to which they are exposed .... 
n of the increased heat, is attracted, and flows towards the 

Their chief office, howevei-, is to retard the flow of blood, and 
thus give time for the tissues to select from the blood the nutriment 
most suited for them. There were no valves in the arteries, which 
had thick and strong walls, and were not liable to distension. That 
valves are absent in some great veins connected with important 
organs is to allow free access of blood to these organs. The figure 
we have reproduced shows the arm bound with a fillet, as for 
bleeding; the veins are swollen, and the position of the valves 
indicated by slight bulgings, exactly as was figured by Harvey. The 
other figure shows an everted vein, with its valves. In the original 
there is a sprig of verbena. How different the uses made of the same 

fact by master and pupil! Fabricius used the fillet to show the 
position of his ostiola, Harvey to show that, owing to their presence, 
the blood could not flow from trunks to branches, as the swelling 
occm-s below the ligature. The quotations already given show how 
the theories of Galen still held the field, and were taught by the most 
advanced teacher of anatomy, at a period just before Harvey 
observed, experimented, and wrote. 

Fabricius was greatly respected in the Eepublic of Venice. The 
illustration we have chosen is the frontispiece to his works, and shows 
him with his gold chain as a Cavaliere di San Marco, the chain 
probably presented to him as a mark of respect by the Senate of 
Venice. His good services to the State were rewarded with a 
pension. The learned and somewhat erratic G. Ceradini (1844- 
1894), who took a deep interest in the writings of the Italian 
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anatomists of the sixteenth century, says that Fabrieius appears “ not 
to have had even the most remote idea of a circulation of the blood.” 
If Fabrieius had not, who had ? 

JULIUS CASSERIUS. 
1545-1605. 

CASSERIUS was sometimes called Placentinus, from the place 
of his birth. By Douglas he is described as “ philosophns, 
medious, chiruigus et anatomicus pereximius.” Bom of 

humble, not to say poor, parents, he became the famulus of Fabrieius 
at Padua; from/amato, auditor, and, from auditor, diseipulm, until 
he became a Professor in the University of Padua, at the time 
of Harvey. He has a certain quaint, not to say picturesque, way 
of setting forth his views of stracture, that one would have liked to 
illustrate more fuUy. His work contains excellent figures of the 
organs of sense in many animals. 

WILLIAM HARVEY. 
1578-1657. 

HAJtVEY was born at Folkestone on April 1st, 1578— 
eighteen years after Lord Bacon, one year after Van 
Helmont, and just four years after the publication by 

Fabrieius of his work on the Ostiola. Proceeding to Cambridge he 
took his degree in Arts in 1597. In those days Padua was one of 
the great centres of intellectual activity, and its medical school was 
famous. Harvey proceeded to Padua, studied under Fabrieius, 
and took his degree of Doctor of Medicine there in 1602—which 
entitled him “ to practise and to teach arts and medicine in every land 
and seat of learning.” On his return to England he was incorporated 
as an M.D. in Cambridge, became a member of the Royal College of 
Physicians in 1604, and a fellow in 1607. He was appointed physician 
to St. Bartholomew’s Hospital in 1609. At the age of thirty-seven 
he was appointed, in 1615, by the College of Physicians, Lecturer on 
Anatomy, i.e. to the lectureship founded by Drs. Lumley and Caldwell. 
In 1616 he enunciated his views on the movements of the heart and 
of the blood. It was not, however, until 1628 that he published his 
famous work, Exerdtatio Anatomica de Motu Cordis et Sanguinis in 
Anirmlihm, or An Anatomical Disquisition on the Motion of the Heart 
and Blood in Animals. It is a small quarto of about 80 pages, and 
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was published at “ Franckfort ” on the Main, then the great centre of. 
the book trade. It was dedicated to Charles I. 

“ Most Serene King! The heart of animals is the foundation of their life, the 

growth depends, from which all power proceeds. The King, in like manner, is the 
foundation of his kingdom, the sun of the world around him, the heart of the republic, 
the fountain whence all power, all grace doth flow.” 

The MS. of Harvey’s lectures, bearing date 1616, was reproduced 
in autotype by a committee of the Boyal College of Physicians of 
London, in 1886, under the title Prcelectiones Anatomm Universal^. 
This anrms miraUlis marks also the death of Shakespeare. 

“ The object o£ the publication was to present and make public the original notes of 

In 1632 Harvey was appointed physician to Charles, and 
became his devoted friend. Charles showed a decided taste for art 
and encouraged the study of the sciences. He placed at Harvey’s 
disposition the deer in the Koyal parks, which helped him to prosecute 
his researches in embryology. As physician to the King, Harvey 
was present on Sunday, 23rd October, 1642, at the battle of Edgehill, 
and every one knows the account given by Aubrey, how with the 
two boy princes, the Prince of Wales and Duke of York, under his 
charge—the elder was afterwards Charles II., the younger James II. 
—he withdrew with them under a hedge reading a book. It is even 
suggested that the book was his fevourite treatise of Fabricius upon 
generation. He accompanied the King to Oxford, and Aubrey says 
that during his brief stay here “ I remember he came several times to 
our College (Trinity), to George Bathurst, B.D., who had a hen to 
hatch eggs in his chamber, which they opened daily, to see the 
progress and way of generation.” 

Harvey remained in the service of the King until 1646, when 
feeling the effects of age—he was already sixty-eight and sorely tried 
by repeated attacks of gout—he retired into private life. Five yeais 
later, in 1651, he published his second great work, De Getwratwne 
Animalium. He died in 1657, ffit. 79, and was buried at Hemp¬ 
stead in Essex. Harvey died without issue, and his wife pre¬ 
deceased him. He gave the College of Physicians the value of his 
paternal estate to pay the salary of the librarian, and for an annual 
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commemoration address, now known as the Harveian Oration. 
Harvey did more than discover the circulation of the blood; he 
demonstrated, by the experimental method, that the blood moves in 
a circle, that the movement of the blood is due to the mechanical 
action of the heart as a pump, that systole is an active contraction of 
the heart and diastole a passive act of dilatation. He gave a true 
theory of the pulse. For all time he set the method, viz., that of 
experiment and induction, which has led to all modem progress in 
physiology. He tells us both his motives and his methods. 

(Chap. L) 
Although Harvey was quite clear that the arteries and veins do 

communicate, it was reserved for Malpighi, by the use of the micro¬ 
scope, in 1664— seven years after Harvey’s death—to demonstrate on 
the lung of a frog the passage of the blood from arteries into veins by 
means of the capillaries. 

CASPAR ASELLI. 
1580-1626 (aet. 46). 

UP to nearly the end of the first quarter of the seventeenth centmy 
the only vessels known to Anatomists were arteries and veins. 
There was born at Cremona, in 1580, one Caspar Aselli, 

Professor in Pavia, and surgeon in Milan, who in 1622 accidentally 
made a gi'eat discovery, viz. the “ lacteal veins ” or lacteals. The work 
was published posthumously in 1627, through the liberality of Claude 
Nicolas de Pieresc, a Seigneur of the old rdgime and a patron of 
science,—under the direction of A. Tadinus and Senator Septalinus. 
These colleagues of Aselli were witnesses of the original discovery. 
The work is entitled De Laetibus sive lacuis Venis &c. Dissertatio 
(Mediolani 1627). Besides the four remarkable plates, with the white 
lacteaLs on a red ground, the natm-al colour of the parts, it contains 
the portrait of the author here reproduced, which is taken from the 
copy of this work in the Library of the Royal College of Surgeons of 
England. It is said to be the first work in which block printing 
is used for the purpose of illustration. 

Aselli tells us how he made the discovery accidentally on July 
23rd, 1622. While dissecting a dog, which had been fed a few hours 



white tracts in the mesentery. He at first thought they were nerves. 
He punctured one, there flowed out a white liquid—the chyle. In a 
transport of joy he, like Archimedes, cried out “Eureka!” He had dis¬ 
covered the lacteals. He traced them to the group of mesenteric 
glands still known as the “ pancreas Aselli.” He thought they went 
to the liver, and thus failed to trace their true ending. He recognised 
the presence of valves in these vessels and showed that they prevented 
a backward flow. They were seen by Asellius and others, including 
Bartholinus, both “ in living animals, and men newly hanged and 
ehoaked.” Bartholinus in his quaint way describes how he saw the 
“ milkey veins in the body of Sueno Olai, who was ehoaked with a 
piece of tongue, having before eaten and drank plentifully, because 
respiration being hindered by the bit of tongue and his heart being 
suffocated, there was no necessity for the liver to draw any chyle." 
Indeed, Bartholinus believed them to pass to the Spigelian lobe oi 
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Anatomiea (Paris 1651). He tells us that whilst studying at hlontpeUier 
as a pnpU of Vesling in 1648, he left that “mute and frigid science” 
anatomy, and betook himself to the study of trae science, organs in 
action. Whilst experimenting on a dog, he removed the heart, when 
he saw, amidst the blood in the pericardium, a white fluid, which at first 
he mistook for pus. He soon saw that it was chyle, that it came from 
a tube or canal which ended at the subclavian vein, that the duet— 
thoracic duet—began in a kind of reservoir or pouch, receptaculum 

that all the laeteals pass to it, and not to the liver. Chyle 
therefore does not go to the liver. He describes accurately the 
“ lacteal veins ” of Aselli, shows that they end in the receptaeulum 
chyli, and that the thoracic duct pours its contents into the venous 
system at the junction of the jugular and sub-clavian veins. 
J. VAN HORHE, a year later, made the same discovery quite 
independently and published it in his Novus Ductus cJiyliferus 
(Lugd. Bat. 1652). Pecquet died at Paris in 1657, from an over-dose 
of brandy, a medicine which he regarded as a panacea for all ills. 

IN 1650, OLAUS KUDBECK (1630-1702),Professor of Anatomy 
and Botany in Hpsala, published his Nma Exercitatio Anatomiea 
exMbms ductus hepaticos aquosos et vasa glandulamm serosa. 

He describes the course of the laeteals towards a common trunk, 
unaware of the discovery of Pecquet. He demonstrated his results 
to Queen Christina in 1652. WTiilst searching for this vessel 
he saw, on the liver, vessels provided with valves, containing a 
clear watery fluid. He took them for vessels quite distinct from the 
laeteals (1650-51), and called them vasa serosa, and traced them to 
the receptaajLlum chyli. He founded the first Botanical Museum, 
and the genus “Eudbeekia” is named after him. According to 
Glisson, an Englishman Jolive gave an account of these vessels 
about this time. 

THOMAS BARTHOLINUS. 
1616-1680. 

IN Copenhagen, about the same time, T. BAKTHOLINUS, 
Professor of Anatomy, son of Caspar B., was working at 
the same subject, and he, in 1651-52, discovered that vasa 

serosa were to be found in all parts of the body, and that they 
passed to the reeeptaeulum chyli. He called them “ lymphatics.” 
Thus laeteals and lymphatics had a common final goal, and lymph 
and chyle finally reach the heart rid the thoracic duet. W’e need not 



enter here into the dispnte between Eudbeck and Bartholinus on 
this matter. The quaint way in which Bartholinus gravely writes on 
the obsequies of the liver shows that he appreciated fully how 
recent discoveries had dethroned this organ from its high estate in 
the hierarchy of Galenic doctrine ; indeed, he gaily writes its epitaph. 
Still this mighty organ retains a mass of undiscovered secrets ; and, 
indeed, it was only in • the middle of last century that Bernard 
elicited by experiment its profound influence in carbohydrate 
metabolism. 

Be it noted that Aselli’s work appeared in 1622, Harvey’s in 1628, 
and that of Pecquet in 16.51. Pecquet’s observations were accepted 
at once, and now the whole anatomical structure was discovered for 
obtaining a proper view of the relation of the digestive system to the 
vascular system so far as regards the channels by which the products 
of digestion might reach the blood. 

Pecquet of Dieppe, and Schlegel of Hamburg, and Joh. Walsens, 
were ardent supporters of the doctrine of Harvey. Pecquet shows 
how he had caught up the spirit of Harvey’s work and had recourse 
to experiment to test the truth or otherwise of his views. 

The influence of Bartholinus was great in Copenhagen. To him 
Stensen addressed his letters announcing his discovery of the duct of 
the parotid gland, and his dispute with Blasius, a former pupil of 
Bartholinus. Bartholinus began with the study of theology, and 
for nine years lived at other Universities. He graduated at Basel 
in 1645 under Bauhin, and in 1648 became Professor in Copenhagen, 
S. PauUi being induced for a consideration to resign his Chair to give 
place to the younger Bartholinus. 

Among his pupils was JOH. WALRUS (b. 1604), Professor, in 
Leyden, 1633, who wrote two epistles On the Motion of the Chyle 
and Blood, to T. B., son of Caspar B. They show how he had 
grasped the importance of Harvey’s doctrine, and he gives the 
foUowing experiment, entitled Dissectim of a Vein in Lining 
Creatures, in support thereof. The woodcut explains itself. 
When the femoral vein is constricted by the thread passed round 
it the blood flows out. not in guttce or drops, but as a oivulns 
sanguinis qm, inferton xenm parte tulnerata, conthmo emlit. 





Again, in this remarkable passage we have an experiment on a 
pigeon’s heart that recalls those of modem times. 

“ Experimentmg with a pigeoa upon one occasion, after the heart had wholly ceased 
to pulsate, and the auricles too had become motionless, I kept my finger wetted with 
saliva and warm for a short time upon the heart, and observed, that under the influence 
of fomentation it recovered new strength and life, so that both ventricles and 
auricles pulsated, contracting and relaxing alternately, recalled as it were from death to 
life.” (Chap. IT.) 

The end of the sixteenth and the beginning of the seventeenth 
century witnessed the marvellous discoveries in the new physics, 
although as yet there was but little exact chemistry. This is not 
the place to narrate the work of Torricelli and Galileo Galilei. The 
latter was called from Pisa in 1592 to become Professor in Padua, 
where he laboured until 1610. He died in 1642. Harvey went to 
Padua in 1599, so that he must have become acquainted with much of 
the “ new learning.” The seventeenth century also saw the founda¬ 
tion of associations or societies of individuals for the cultivation of the 
“Kew Philosophy” i.e., experimental philosophy. The first society 
for the mvestigation of physical science was “ Academia Secretorum 
Hatnr®,” founded at Naples in 1560, but it was soon dissolved by the 
ecclesiastical authorities. The “ Aeoademia de’ Liueei ” was founded in 
1603, of which Galileo was a member. It was dissolved owing to 
opposition from Rome. Shortly after Borelli went to Pisa, another 
society, “ Accademia del Cimento,” was founded at Florence in 1657 
under the patronage of the Grand Duke Ferdinand 11. Its members 
included many disciples of Galileo, Viviani the great geometiician, 
CasteUio and Torricelli, and Borelli also was an active member. 
As regards membersMp, “ all that was required as an article of faith 
was the abjuration of all faith,, and a resolution to inquire into truth 
without regard to any sect of philosophy.” The “ French Academy ” 
was established by Cardinal Eiehelieu in 1635 ; to England belongs 
the honour of being the first country after Italy to estabUsh a 
society—the Royal Society—for the mvestigation and advancement 
of the “New Philosophy” in 1645. It is to be noted that medical 
men formed a large proportion of its members, Glisson and Ent were 
amongst its oi^al members. It received the Royal patronage 
of Charles II. in 1663. In 1652 Leopold’s Academy of Natural 
Science was founded. The corresponding French Royal Academy 
of Science was founded in 1666 at Paris by the Minister Colbert. 
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The discoveries in physics soon reacted on the pi'ogress of 
physiology. A knowledge of these discoveries was rapidly pro¬ 
pagated through these societies. There was one who wove the 

facts of the new physics into his conception of the universe and who 
exerted a profound influence on human thought, viz., EENE 
DESCAKTES. He was bom at La Haye in 1596, but spent the 
greater part of his life outside France, and died in Stockholm in 1650. 
We shall speak of him again in connection with the nervous system. 
Considering man as a machine, he tried to show how, just as the 
universe is a machine working according to physical laws, so also is 
man. An earthly machine, machine de terre, governed by a rational 
soul (drae raisonnoMe), which has its seat in the pineal gland. 

His treatise De Homine Liber (1662) is in reality a treatise 
on physiology. It deals chiefly with the mode of action of the soul, 
but it gives a general view of all the functions of the body as they 
appeared to Descartes. He accepted Harvey’s view of the passage of 
the blood from the arteries to the veins in the systemic circulation, 
but he did not accept the contraction or systole of the ventricles as 
the efficient factor in the propulsion of the blood. For him, the heart 
was expanded by its own innate heat. The great apostle of the 
application of physical laws to the elucidation and explanation of 
function both in man and animals was Borelli, whose mathematical 
genius led him to the study of physios, and from physics to 
physiology. 

GIOVANNI ALPHONSO 
BORELLI. 

1608-1679. 

BOEELLI, born of humble parentage at Naples in 1608, by his 
mathematical and physical studies, exerted a great influence on 
the progress of physiology, and founded a school, the iatro- 

mechanical, as distinguished from and opposed to the iatro-chemieal. 
Hjs leamrug as a mathematician secured him the Chair of Mathe¬ 
matics in the University of Messina, probably about 1640. He took 
a wide interest in phenomena outside his own specific studies. He 
wrote an account of the pestilence which raged ia Sicily in 1647-48. 
Pisa and Padua were always in healthy rivalry. Borelli’s fame led to 
his “ call ” by Ferdinand, Duke of Tuscany, to fill the Chair of Mathe¬ 
matics in Pisa. By an accident almost, as it were, the advent of 
Marcellus Malpighi in Pisa in 1656, brought Malpighi and Borelli 
together; and now Borelli took up the study of anatomical subjects. 



{ 20 ) 

In Pisa he laboured twelve years, and in 1668 returned to his old 
University of Messina, where he remained until 1674. Sicily at that 
time belonged to Spain. Borelli was suspected of some political con¬ 
spiracy. In any case, he fled to Home, where he came tmder the 
patronage of Queen Maria Christina, daughter of Gustavus Adolphus 
of Sweden. Adolphus died in 1644, but Christina, after a short 
term of queenship, preferred to reside in Eome. Uming all these 
years, Borelli had been labouring at his great work, De Motu 
Animaliwm. Christina promised to defray the expense of its publica¬ 
tion, but did not. Misfortune overtook him, and in 1677, after this 
misfortune, he lived with and taught in the Society of the ScholK Pise 
of San Pantaleone until his death, in 1679. His great work was not 
published until after his death ; the first volume in 1680, the second 
in 1681. It is somewhat remarkable how it escaped the strict censor¬ 
ship of the Church at that time. 

The problems of motion in man and animals, resistance of air and 
water, the limbs as levers, the mechanism of voluntary and mixed 
movement, the movements of the heart and chest engaged his attention. 
He regarded respiration as due to contraction of the diaphragm and 
the intercostal muscles and the elasticity of the air. The air yielded 
to the blood in the lungs a sal vitos. Some of the problems remained 
much as he left them, until E. H. Weber attacked them again in the 
middle of last century. He anticipated the experiments of Kdaumur 
and others on the contractile force of the gizzard in birds. 

Borelli studied not only the movements as brought about by 
muscles, or groups of muscles, but also the problem of how 
muscles change their form. In connection with the latter problem, 
we must remember that the microscope was now being used by 
anatomists. Malpighi was using it in Pisa. In 1664 Nicolas 
Stensen—Steno—^published a little tract, De Mmculis Ohsermtiomm 
Specime/ti, which took the title of Elementm-um Myologies Spedmm 
in 1667. The work is illustrated by bold diagrams of the arrange¬ 
ment of fibres in various muscles. Stensen had a very fair knowledge 
of the general build of a muscle. He even noticed the difference in 
colour between what we now know as the red and pale skeletal 
muscles of the rabbit. 

Borelli, like Stensen, recognised that the fleshy part, and not the 
tendinous part, was the real contractile part. In the original figure 
it is marked “ caro.” 

The mechanical problems of the, circulation, of course, arrested 
Boreffi’s attention. He figures the general arrangement of the 
muscular fibres of the heart, and endorses the view of Harvey, that 
the blood is propelled by the systole of the ventricles, as in the action 
of a winepress. Naturally, as a mathematician, he attempted to 
estimate the force, or mechanical value, of the systole of the ventricles. 
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To do this he compares the volume of the heart muscle with that of the 
temporal and masseter muscles and the weight they can support. He 
makes acute observations on the flow of blood in the arteries. His 
observations in this regard bring one to the time of Stephen Hales, 
who was the first to measure accurately the blood-pressure in the 
arteries of a horse. 

Harvey also applied a numerical method in connection with the 
amount of blood passing through the heart, and his calculation formed 
part of the evidence he adduces that led him to think that the blood 
might, “as it were, move in a circle.” Here is the passage:— 
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MARCELLUS MALPIGHI. 

1628-1661. 

Malpighi was bom at Crevalcore, near Bologna, 
in 1628, the year in which Harvey published his 
Escerdtatio. Entering the University of Bologna in 1645, 

he took his degree in Medicine in 1653. In 1656 he obtained a 
Professorship there, but in the same year Ferdinand II., Grand Duke 
of Tuscany, created for him a special Chair of Institutes of Medicine 
in Pisa, which he held for three years. Borelli, his senior by twenty 
years, was also in Pisa, and the two became warm friends, Malpighi 
profiting from the knowledge of the “ new learning,” and Borelh in 
turn acquiring a knowledge of anatomy. 

Malpighi retured to Bologna, where he remained for a short time. 
In 1662 he was invited to occupy the Chair of Medicine in Messina, 
and he accepted the offer. After four years, i.e. in 1666, his fame was 
such that his old University of Bologna invited him to return. He 
was invited by Innocent XII. in 1691 to become his physician. He 
died in Home 1624, set. 67, and was buried in the Church of St. Gregory 
in Bologna. 

It is not possible here to do justice to the work of Malpighi, for 
his discoveries are not only numerous and epoch-making, but range 
over both the animal and vegetable kingdom. It was in Sicily that 
his attention was first directed to the structure of plants. The 
microscope was already in use, and Malpighi used it with marvellous 
success. His immortal work on plants, Anatome Plantamm, 
published by the Royal Society, and that of Dr. Nathaniel Grew, also 
published by the Royal Society, laid the foundation of Vegetable 
Morphology. It is for this reason and others that I have placed the 
portraits of Malpighi and Dr. Grew on the same plate. Malpighi was 
the contemporary of Harvey, Borelli, Stensen—whom he met in Rome 
on his return from Messina,—Redi, Rudbeck, and Bartholin, a galaxy 
of discoverers. 

To his friend Borelli in 1660 he had communicated his researches on 
the structure of the lungs, and in 1661 he addressed his Ohseroatimes 
Anatomme. de PiUmonibus (Bonon. 1661), to him. We leave aside the 
story of their differences, of the uncertain temper of Borelli, and all that 
belongs to “personal equations.” The use of the microscope opened up 
new paths and led to new ideas. Malpighi described how the air-tubes 
open into air vesicles in the lungs. This observation made possible a 
theory of respiration, but the great fact was not yet clear. He studied 
at first the lungs of a dog. One cannot help reflecting how Harvey with 
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masterly genius made use of his knowledge of comparative anatomy, to 
add a big corner-stone to the stately edifice he was building. Malpighi, 
like another whose histological researches are the outcome of the judi- 
dons choice of the appropriate object of study combined with the 
“seeing eye”—I mean L. Eanvier, Professor of General Anatomy in 
the CoUfege de France, Paris,—had recourse, to the lung of the frog. 
What does not humanity owe to that paragon of animals from a 
physiological point of view 1 Consider! The “ missing link ” of the 
capillaries was found in its lung by Malpighi. The first accurate 
descriptions of red blood corpuscles by Swammerdam, and later by 
Leeuwenhoek, were made on its blood. Is not the basis of the 
physiology of muscle established on experiments on its gastrocnemius ? 
Did not Pfluger establish that oxydation does take place in the 
tissues and not in the blood by his famous experiments on a frog, 
with all the blood washed out of its vessels and replaced by normal 
saline solution ? As to its heart, has it not been cut, ligatured, and 
stimulated with all forms of stimuli, electrical and chemical ? The 
names of Descartes and Stannius—dear old Stannius in far-off 
Eostock, the writer of an incomparable treatise on comparative 
anatomy—are associated with the early study of its physiology. On it 
the brothers Weber established the first fundamental experiment on 
cardiac inhibition. On it also Gaskell solved the problem of the 
coiuse of accelerator and inhibitory impulses. On its spinal 
cord Johannes Muller confirmed the doctrine of the functions of 
the anterior and posterior roots of a spinal nerve; and was it not on 
a piece of the sciatic nerve of a frog—two inches in length—that 
Helmholtz measured the velocity of a nerve impulse, a problem that 
a few years before his great master J. MuUer declared to be 
impossible of solution ? Joseph Lister made his early observations on 
its pigment cells, and his researches on its vaso-motor nerves, and 
Waller his researches on the papillae of its tongue. Its tissues, the 
cornea, and other parts have been the grounds on which many a battle 
royal regarding inflammation has been conducted; and so on. All 
this is directly beside the mark, but it indicates the importance of 
selecting a suitable animal for experiment. Eeturning now to 
Malpighi’s observations with the microscope. In 1665, when 
examining the omentum of a guinea-pig he saw little flat red bodies 
which he took to be fat. They were the red blood corpuscles ; he, 
however, did not recognise them as such. That extraordinary 
observer, Jan Swammerdam, had seen and described the red blood 
corpuscles in the frog in 1658, i.e., seven years before Malpighi. 
Swammerdam died in 1680, and his great work, £idlia Natures, 
was not published until 1738, by his countryman the indefatigable 
Boerhaave. It was when examining the lung of a frog that Malpighi 
saw a “ certain great thing,” “ magnum certum opus oculis video ” 
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(Epist. 11., 328), viz., the circulation of the blood in the vessels we 
now call capillaries. He also ligatured the root of the lung, and, after 
the vessels were tuigid with blood, dried the lung and saw the red 
network on the vesicles. This method is still one which should be 
shown to every student of medicine, even in these days. Malpighi 
had thus found the missing link that made Harvey’s discovery 
complete. In 1668, Anton van Leeuwenhoek saw the capillaries in 
fishes, e.g., eels, and gave a careful description of them. 

The results of his researches on the tongue of the ox, De 
Lingua, he addressed to BoreUi. He described the lingual papiUse 
and traced nerves to them, and regarded them as organs of taste. Led 
from this to the skin—for the papillse of the skin were then unknown, 
although Fabricius was acquainted with the epidermis and dermis—^he 
discovered the layer of the epidermis called the rete mucosum or rete 
Malpighi in his honour. 

In 1666, the year he left Messina, he published De Viscmim 
stmctura. eosen'citationes anatomicce; accedit Dissertatio de Pnlypo 
cordis. (Bonon.) He describes the liver, spleen, and kidney. He 
already knew the difference between conglomerate glands, i.e., those 
with a duet, as taught by F. Sylvius, and conglobate or lymph 
glands. A.S to the liver, although it had been carefully described by 
Er. Glisson, Malpighi showed that it consisted of lobules, or acini, 
and that it formed bile as the parotid forms saliva, and is a 
conglomerate gland like the pancreas. He also gave careful descrip¬ 
tions of the spleen, and considerably advanced our knowledge of 
the kidney. In 1662, a youth, L. Bellini by name, a pupil of 
BoreUi’s, described the straight tubes that still bear his name and 
open on the apex of a Malpighian pyramid. Malpighi saw the 
convoluted tubules, described the capsules that still bear his name, and 
how each contains a cluster of blood vessels—a glomerulus—and he 
was of opinion that they must play a great part in the secretion of 
urine. He gives no illustrations. Practically little advance was 
made in our knowledge of the structure of these organs until we 
come to the time of William Bowman and Carl Ludwig. He 
also published a great work on embryology, De formatione Pulli 
in Ozo, 1666, thus carrying on, and greatly extending, the work of 
Fabricius and Harvey. It was printed, like so many of Malpighi’s 
other works, at the expense of the Royal Society. The indefatigable 
Oldenburg, secretary of the Royal Society, when once he got into 
coirespondence with Malpighi, kept up a long correspondence with 
him, and it was in response to an inquiry by Oldenburg that 
Malpighi contributed his famous researches on the silkworm, 
including its development. The portrait is taken from his Opera 
PostJiuma, 1697. 
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RENE DESCARTES. 
1596-1650. 

OVEE. three hundred years ago, there was bom of a noble family 
at La Haye, near Tours in Touraine, one whose doctrines cannot 
be passed over in any work dealing with physiological learning. 

His early teachers were the Jesuits, then installed at LaFleche (1604- 
1612). In 1613 he went to Paris, and at twenty-one resolved to see 
the world in the guise of a volunteer—which appears to have been 
a usual custom with the French nobility in those days (1617). He 
was quartered at Breda, and also at Neuburg on the Danube. While 
still soldiering in 1619, he made what he calls a marvellous discovery— 
it was nothing less than the solution of geometrical problems by 
algebraical symbols. He was, indeed, the originator of analytical 
geometry. More travels through Europe—Him, Prague, La EocheUe, 
Italy, Silesia—stiU all the time studying “ the great book of the world." 
After having spent many Wanderjahre, he returned to Paris (1625-28), 
where he made the acquaintance of the scientific men of the day, and 
also of M. de Balzac of immortal memory, with whom later he kept up 
an extensive correspondence. 

The Netherlands had already worked out its independence, both 
political and religious ; Descartes was anxious to keep on good terms 
with the Catholic Church, and he was not quite sure as to the tender 
mercies of the “Most Christian” King. He had the fate of Galileo 
before his eyes. Holland he called “the refuge of the Catholics.” 
Thus it came that, having made up his mind to retire from the dis¬ 
tractions of society, he at the age of thirty-two sought a quiet 
retreat in Holland, where, after nine years spent in learning and think¬ 
ing, he published in 1637 his famous Discours de la Methods, &c.— 
Discourse touching ths Method of using reason rightly and of seeking 
Scientific Truth, which marks not only an epoch in human thought, 
but also in Fr'ench prose—“ the best prose in modern Europe.” In 
Amsterdam, he says,— 

“ I go to wait every day amid the Babel of a great thoroughfare with as much 
liberly and repose as yon ”—he is addressing Balzac—“ could find in your garden alleys. 
What other place could you choose in all the -world, -where all the comforts of life, and 
all the curiosities which can be desired are so easy to find as here ? What other country 
where you can enjoy such perfect liberty t ” 

He learned such anatomy as he was acquainted with in Amster¬ 
dam by visiting various slaughter-houses in the town. His Optics, 
Meteors, The World (Le Monde) in which he proposed to explain 
the a priori principles of all physics, appeared in 1632-33. His 
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original sketch of his De Homine et de Fmtu was sketched out in 
1633-34, although the work itself appeared in 1662. Such experi¬ 
ments however as he made, in connection with physiology, were made 
to verify an hypothesis which he had already formed, a method, of 
course, exactly the reverse of Harvey, and of the new Physics. 
Everything but his “ rational soul ” could be explained by his 
hypothesis of matter endow‘ed vrith extension and mobility. 

In De Homine Libor (1662) and his Forrmtim of the 
Foetus he developed his celebrated theory of man as an automaton. 
We have already referred in general terms to Descartes’ views. 
He accepted Harvey’s view of the circulation of the blood, but 
erroneously ascribed its cause to the heat generated in the heart. 

“ This motion, which I have just explained, is as much the necessary result of the 



R. DESCARTES. 





In his remarkable treatise On the Passiom of the Mind {Les 
passions de tdme) composed for his patroness and friend the Princess 
Elizabeth, niece of Charles I., in 1646, but not published until 1649, 
we come across one of the most fundamental experiments, which 
marks the early beginning of the history of what we now know as 
reflex action. In Article XIII., when dealing with the question as 
to how the brain excited by external objects affects the organs of 
sense, he says : “ If some one aims a blow at the eyes, even though 
we know that he is a friend, and even if he does it in a joke, and 
without doing one any harm, we at once even against our will close 
our eyes. The action of heat on the skin similarly affects the skin 
nerves, which being set in motion pull upon the parts of the brain 
whence they take origin, and thus open up the oriflces of certain 
pores on the internal surface of the brain. Through these pores the 
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FRANCIS GLISSON. 
1597-1677 (ast. 80). 

GLISSON was bora at Bampisham, in Dorsetshire, just one year 
after Descartes, studied medicine and graduated at Cambridge, 
where he was Eegius Professor of Physic for about forty 

years. M. Foster states that there is no evidence of his ever having 
delivered any courses of lectures (Hist, of Phys., p. 287, 1901). He 
settled in London, and was Header in Anatomy in the College of 
Physicians, in 1639, and became its president in 1667-9. He practised 
in Colchester during the troublous times of the civil wars. As 
already stated, he was one of the original group of scientific men 
who, about 1645-1662, laid the foundation of the Boyal Society. 
In 1654, he published his treatise De Hepate, and in this connection 
we still have his name preserved in the “ capsule of Glisson,” although 
it was known both to Walseus and Pecquet. Glisson, however, 
was the first accm-ately to describe the capsule of the tern port- 
arum, and the description he gave of its blood vessels was a distinct 
contribution to the subject, but his researches extended only to what 
can be observed by the unaided eye, and thus it was reserved for 
Malpighi, with a full knowledge of all the then recent discoveries in 
eoimeotion with glands, to recognise the liver as a conglomerate 
gland, which secreted bile, as the parotid secreted saliva. 

Glisson was more than an anatomist or physician, he was also a 
philosopher and physiologist. He was clearly a man of decided views 
—he was an elder in a church in a small village in Essex—^and had 
the courage of his opinions as regards the payment of his salary. 
Although there is no evidence that he gave lectures on physic in 
Cambridge, he attended fi-om time to time “ to keep acts,” yet “ in 
1650 he petitioned the University for five years’ arrears of salary, 
apparently the years 1648-4 to 1648-9, when, living at Colchester, he 
was whoUy absent” (M. Foster, Lect. on Phys. p. 287, 1901). Sir 
Michael does not record the result. He remained in London during 
the plague in 1665, and the method he used to escape infection “ was 
thrusting bits of sponge dipped in vinegar up his nostrils ” (John 
Aikin, Biogr. Mem. of Med., 1780). 

Ghsson records an important experiment on muscle physiology. 
In his De Ventrundo et Intestinis, his last work, published when he 
was already an old man, he gives an account of all that is known 
regarding the alimentary canal, and the irritability of its walls. The 
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matter of importance, however, is his description of what is perhaps the 
first plethysmograph experiment. The arm of a living person was 
placed in a cylindrical glass vessel with one end drawn out like a funnel 
and then the whole filled with water. When the person contracted 
his arm muscles the level of the water in the narrow tube fell; 
therefore, it was plain that during contraction a muscle was not 
inflated by any spirit or juice as supposed by Borelli. The variation 
in volume we now know was due to the effect of contraction on the 
blood-stream. We come again upon the same idea in Swammerdam’s 
work. “The invention of this experiment is, however, by some 
attributed, upon the authority of the register of the Eoyal Society, to 
Dr. Goddard” (Aikin). 

Glisson was also the founder of the doctrine of “ irritability,” a 
doctrine again taken up by Haller. Glisson used the word in its 
widest sense to indicate the power of parts to respond to various 
forms of stimuli to which reference is made elsewhere. 

NICOLAUS STENSEN. 
1638-1686 (set. 48). 

Niels STENSEN is one of the most picturesque, pathetic, and 
withal brilliant of the apostles of physiology in the seventeenth 
century—Anatomist,Physiologist, Physician, Geologist, Priest, 

and Bishop. In his short span of less than fifty years he left an endming 
mark of his genius, both on physiology and geology. He is perhaps 
better known by his Latin name of STENO. In 1656 he attended the 
University of his native town, where it was then the custom for a 
student to attach himself to some particular Professor, and Stensen 
chose Thomas Bartholinus. Simon Paulli, the precursor of Bartholin 
in the Chair of Anatomy, was also one of his teachers. It was 
customary for Danish students, after passing three years or so at 
their own University, to proceed to other Universities. Thus, we find 
Stensen in Amsterdam, three years later, in the house of Gerh. Blasius, 
a former pupil of T. Bartholinus. 

Scarcely had Stensen, in 1661, begun to dissect, when he dis¬ 
covered the duct of the parotid gland, which bears his name, ductus 
Stenonimus. This discovery led to a dispute with Blasius, and 
Stensen went to Leyden, where, on the 6th and 9th of July, with 
Van Home as president, he gave a briUiant Disputation on his 
discovery of the glands with ducts. Later, he investigated the glands 
connected with the eyeball—Glandulis Omlonim. (Lugd Batav. 



FRANCIS GLISSON. THOMAS WILLIS. ?. VIEUSSENS. 





( 31 ) 

1661.) In a letter to his former teacher, Th. Bartholinns, on April 
22nd, 1661, he tells ns 

“ A year ago I was received in a friendly way by Blaaius. At my request be allowed 
me to dissect, with my own band, whatever I cared to buy. I was so fortunate that, 
on the first sheep’s head which I bought and dissected alone in my own room, on April 
7th, to discover a canal or duct that, so far as I know, no anatomist has described. As I 
reflected the skin, and was proceeding to dissect the brain, it occurred to me to dissect 
first of all the blood vessels that surround the mouth. In doing so, the point of my 
scalpel passed into a wide cavity, and I heard, on pushing on the steel, that it struck 
the teeth. Astonished at this discovery, I called to Blasius to ask his opinion. Betook 
down Wharton’s book to find the solution.” 

He also found the duct in the dog. At that time no one knew 
how saliva was formed. Some thought it came from the brain, 
others from the lymph, and some, again, from the papillae of the 
tongue. In 1664, he published and dedicated to Friedrich III. his 
work on muscle and gland, Obsen. Anat. de Muse, el GJ/mdul. Speeimen,. 
(Hafn. 1664.) Haller, a century later, called this work an “ aureus 
libeUus,” or “golden opuscule.” The heart was recognised as 
muscular in its nature. Malpighi and Borelli knew that the heart was 
muscular, and the latter had calculated the force of its contraction. 
But Borelli’s work was not published until 1680. Stensen speaks of 
the fibres of the heart, and compares the arrangement of some of 
them to the figure 8. He also busied himself with embryology. In 
this connection there is the excellent work of Fabricius. 

Disappointed, perhaps, at not obtaining the Chair of Anatomy in 
Copenhagen—Matthias Jacobsen was appointed—heleft Denmark, and 
once more wandered forth, this time to Paris, where he arrived about 
1664. InLutetia he made the acquaintance and lived in the house of the 
French Meesnas, Th^venot (1692). His acquaintance with Th4veuot 
proved of great advantage to him, for it gave him an entry to scientific 
circles. In Paris he gave a lecture—Discours mr TAnatomie du 
Cerveau—on the nervous system. J. B. Winslow, his countryman. 
Professor of Physic, Anatomy, and Surgery in Paris, has incorporated 
it in his Anatomy (1749). 

The following are some extracts of this remarkable lecture fi-om 
the English translation of Winslow’s Works, by G. Douglas, M.D. 

“ The late M. Steno’s Discourse on the Anatomy of the Brain was the sole original 
source, and general rule of my conduct in all that I have done in anatomy; and I have 
inserted in it the description of the head, believing that I should ob%e my readers by 

excellent advices how to shun errors and discover truth, not only in relation to the 

» A Dmertation on the Anatomy of ihe Brain, hy M. Swm, read in tM assembly 
hdd at M. Th^mces Bouse in the year 1668. Instead of promi^g that I shall satisfy 
your curiosity in what relates to the Anatomy of the Brain, I begin by publicly 
and frankly owning that I know nothing of the matter. I wish I were the only person 
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To Florence, then under the Medici and a centre of great 
intellectual activity, he went in 1666. The Grand Duke Ferdinand 11. 
and his brother Prince Leopold greatly encouraged science, and, on 
the recommendation of Thdvenot, the Grand Duke made Stensen his 
physician and gave him a pension as Court Physician. The results of 
his further study of muscles he sent to T. Bartholin. The work itself, 
Blernmtorum Myologies Specimen (1667), he dedicated to Ferdinand II, 
He regarded myology as a part of mathematics. In considering the 
contraction of a muscle, he opposes the view that the swelling and 
hardening are due to the influx of juices. He regarded muscles as 
parallelepipeds and treated of muscular action from a mechanical 
standpoint. His dissection of the head of a dog-fish {Carcharias) led 
him to geology, for the teeth of this animal led him to see that the 
glossopetrcs were reaUy fossil teeth. Stensen was brought up in the 
Lutheran faith. He joined the Catholic Church on 2nd November, 
1667, and what is called his “ conversion ” excited great interest 
in the scientific world. Here is the story. As physician to the 
hospital Sta. Marla Nuova, he had occasion to go to the apothecary 
of the cloister, where he met Sister Maria Flava del Nero, who 
attended upon the apothecary. She soon learned that the great 
anatomist was what she regarded as a “ heretic,” and set to work to 
secure him for the Catholic Church. She succeeded; her offices 
being supplemented by those of Lavinia Felice. 

In 1672 he was invited to return to Copenhagen to occupy the 
Chair of Anatomy, but he filled it with little success—his mind was 
filled with other ideas—and he quitted his native town in 1674 and 
returned to Florence. Theology and geology had for some years 
engrossed his attention. The results of his geological investigations 
on stratification of rock, fossils, &c., were published in his treatise 
De Solido intra Solidum, &o., in 1669. He is regarded as one of the 
founders of modem geology. Before he returned to Copenhagen he 
received the titular honour of Bishop of Titiopolis in Greece. He 
started northward with the idea of securing the allegiance of northern 
Europe to the Catholic faith. After quitting Copenhagen he laboured 
as a priest in Hanover and Schwerin, wearing himself out in constant 
labour for the principles of his newly-acquired faith. Worn out at 
the age of forty-eight, he died in 1686. His remains were interred in 
the Basilica San Lorenzo in Florence, and over them was erected, in 
1883, by geologists of all nations, his bust, with a suitable dedication. 
(Z>er Dane Niels Stmsen, by W. Plenkers, S.J., Freiburg in 
Breisgau, 1884.) 
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I CANNOT omit mention of that singularly gifted observer, 
and indefatigable naturalist, JAN SWAMMERDAM, who was 
bom at Tkmsterdam in 1637. He travelled, like all the great 

Dutchmen of his time, to Italy and Paris. In Paris he stayed with 
Stensen in the house of Thdvenot He took his M.D. at Leyden in 
1665. Unfortunately for science he was afflicted with an incurable 
melancholy, and died in 1680 set. 48. As already stated, he was the 
first to see the red blood corpuscles of the frog, and his great work, 
Biblia Naturoe, was published in 1737-38, long after his death, by his 
compatriot Boerhaave. The following illustration, taken from the 
Biblia Naturm, shows how Swammerdam studied some problems 
of muscular action. Most interesting of all are his experiments on 

the volume of the heart. He placed the heart in a glass syringe 
with its nozzle drawn out to a fine tube. In the latter he placed a 
drop of water and watched it rise and fall with every diastole and 
systole of the heart. (Fig. VII.) He had anticipated by two centuries 
the plethysmographic researches of Blasius, Pick, Mosso, Marey, and 
others. In his experiments on muscle also, in Fig. V., when the 
muscle contracted the two hands—^in Fig. VI. the two pins 'were 
drawn together—obviously he was at the very edge of a great 
discovery. It only wanted a recording surface, and the graphic method 
would have been invented. Figs. VIII. and IX. show his method of 
studying any change of volume of a muscle during contraction. Here 
a muscle is used instead of the arm in the experiment described 
by Glisson. 

His Tractatm de JRespiratione (1667) is of special interest. He 
imitated the movements of the chest wall by means of a pair of beUows. 
He placed an animal in water as shown in the illustration—the 
trachea connected with a tube with its -orifice above the water—and 
observed the rise and fall of the water in the vessel with the move- 



respiration. He represents 
Dgraph. Unfortunately the] 

Amsterdam. In Eembrandt’s (CAnatomie (N. Tulpins) tl 
figure of Hartmans was considered as that of Swammerdam, but thi 
is quite a mistake. On the two hundredth anniversary of his death- 
“ Sterfdag ’’—there was fixed on the house where he lived i 
Amsterdam a tablet bearing the inscription— 

JAN SWAMMERDAM 
(1637-1680). 

Zijn onderzoek der natuur blijft een 
voorbeeld voor alle tijden. 

17 Fel., 1880. 

A medal was struck in his honour on the ninetieth anniversary of tl 
“ Genootschap tot Bevordering van Naturgenees- en Heelkunde te 



Edinburgli Eoyal Infirmary, when teUmg us the story of Eedi and 
his researches on flies, and the simple method adopted by Eedi to 
prevent putrefaction in meat. 

Looking back on the old story, it is plain that the early 
naturalists held the key of the situation and did not know it—^Eedi, 
Spallanzani. Then came Schwann and Pasteur. Their biological 
life-work culminates in a simple issue—so simple, indeed, that all 
alike were working towards a common goal, a goal where stood 
fortunately one—trained in all the most modem methods of investiga¬ 
tion, the pupil of Sharpey and Syme—who, fi’om the fact of his 
physiological training, was enabled, as from a modem Pisgah, to see 
the riches of the land—not only the riches, but to see how aU these 
converging lines of thought, experimentation, and whatnot, concen¬ 
trated themselves in one practical issue—first as antiseptic, and now 
as aseptic surgery. There is no more picturesque story in the whole 
annals of surgery. What is, or ought to be, scientific surgery and 
medicine but applied physiology 1 

NEHEMIAH GREW. 
i628(?)-i7ii. 

fT'HE Author—Physician and Botanist—of The Anatomy of PlanU, 
-1- with an Idea of a philosophical history of Plants (1682), was 
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FREDERICK RUYSCH. 
1638-1731. 

^ I 'HE Hague was his birthplace, and there he set up as an 
J- apothecary, going to Leyden to study under Sylvius and 

van Horne, where he graduated as M.D. in 1664. He was 
a lecturer on anatomy, taught midwifery and botany. He was, how¬ 
ever, essentially an anatomist, famous for his anatomical injections— 
we still use the term tunica Ruyschiana—an art which it is said he 
learned from Swammerdam. His works abound in plates with 
objects fantastically grouped. In 1717 his great anatomical collection 
was sold to Czar Peter for 30,000 florins, but only part thereof, it is 
said, reached St. Peterabnig, as the sailors drank the spirits. Another 
collection was sold to Sobieski, of Poland, who presented it to the 
University of Wittenberg, so famous in the story of Luther and the 
Eeformation. 

A. VAN LEEUWENHOEK. 
1632-1723 {Kt. 91). 

BOEN at Delft, Leeuwenhoek spent his early years in a linen 
draper’s establishment; at the age of twenty-two he received a 
sinecure office in his native town. An indefetigable worker, 

most diligent and supremely conscientious, he applied his energy to 
the investigation of the minute structure of practically everything he 
could lay his hands on. He made his own lenses. E. de Graaf in 
1673 sent his first communication to the Eoyal Society, to which he 
communicated paper after paper. He was the first to carefully describe 
the red blood corpuscles; he confirmed the observation of Malpighi on 
the capillaries (1688); he described and figured the spermatozoa of the 
dog and other, animals; he showed the difference in structure between 
the stems of monocotyledons and dicotyledons, the crystalline forms of 
various salts ; he described infusoria in 1675, and rotifers, the bacteria 
as we now know them, or animalcules that he found in his own mouth, 
the stucture of teeth, crystalline lens, &o. His Opera omnia seu 
Arcana naturae were published at Leyden in 1792, and an English 
translation by S. Hoole in 1798-1800. His observations were all 
made with the simple microscope. He made his own, and had several 
hundreds of them. Each consisted of a small biconvex lens, placed 
in a socket between two plates of brass, which were riveted together 
and pierced with a small hole opposite the lens. The object to be 
examined was fixed at a convenient distance and its focal distance 
adjusted by screws. 
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THOMAS WILLIS. 
1621-1675. 

This fashionable physician, whose name comes down to us in 
the “circle of Willis” and “ accessory nerve of Willis,” was 
bom at Great Bedwyn in Wiltshire. At first he studied 

theology at Oxford and took his M.A. in 1642. Later he took to 
medicine. He was made Sedleian Professor of Natural Philosophy in 
Oxford in 1660 at the Kestoration, and went to London in 1666, 
where he practised until his death. He gave accurate descriptions of 
the brain, but, perhaps, the chief merit in this regard belongs to 
Lower, rather than to Willis. His views about the physiology of the 
brain in particular were vague to a degree (Stensen’s discourse, p. 32), 
There are some indications in his works that he had some gUmmering 
of what are known now as reflex actions. 

R. VIEUSSENS. 

Montpellier has given many distinguished sons both to 
science and to letters. Raymond Vieussens was for a long time 
Professor of Anatomy, and the numerous autopsies which 

he conducted enabled him to contribute materially to the advancement 
of anatomy. Westillspeakof the “valve of Vieussens” and the “annulus 
of Vieussens.” He was the first to describe the centrum male, and 
the pyramids and olives of the medulla oblongata. His Nmrologia 
Univen'salis, with many excellent plates, was published in Lyons, 1685. 
In 1688 he published his De natura.fermentatioms, 
in which he describes various forms of fermentation on the lines of 
Van Helmont and Sylvius. His chemical doctrines brought him into 
conflict with his colleague Chii’ac. He gave many fantastic names to 
different parts of the brain. Judging from the diatribe of Stensen 
on this subject, one would have thought that there were few of such 
names left for appropriation. 

I have already referred to the fact that the influence of the 
discoveries of Torricelli and Galileo soon made itself felt in England, 
and how the Royal Society came to be founded. Conspicuous 
amongst its early members were Glissou, Boyle, Hooke, and Lower. 







1696 by Dr. Wallis, 

Hon. ROBERT BOYLE. 
1626-1692. 

Robert BOYLE was the seventh son and fourteenth child of 
the first Earl of Cork, and was born at Lismore, Waterford, 
January 25th, 1626. Endowed with ample means, he devoted 

himself to physical and chemical studies. He settled in Oxford in 
1654, where he devoted much time to pneumatic chemistry, and to the 
study of the weight and pressure of the atmosphere and allied 
phenomena. With the air-pump of Otto von Guericke he made some 
of the most fundamental experiments on the physiology of respiration. 
At that time the “ elater ” or spring of the air attracted the attention 
of the physicists. It will suffice to quote one fundamental experiment 
in Boyle’s own words. 

“ Birds and Mice in tks Exhausted Eeceirer.—Xo satisfy ourselves, in some 
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ASINGULAELY able man was KOBEET HOOKE (1635-1703), 
a bom experimentalist and accurate observer, who made 
another advance in the physiology of respiration possible. 

Hooke was assistant to Boyle, and when the Eoyal Society was 
founded he was appointed Curator of Experiments. In his 
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■which the Imgs -were also always kept very full and -without any motion, there being a 
blast of air forced into the lungs by the first pair of beUows, supplying it as 

fast as it could find its way quite through the coat of the lungs, by the small holes 
pricked in it, as was said before. This being continued for a little whUe, the dog, as I 
expected, lay still, as before, his eyes being aU the time very quick, and his heart beating 
wery regularly. But upon ceasing this blast, and suffering the lungs to fall and lie still, 
the dog would immediately faU into dying connilsive fits, but be as soon re-rived again 
by; the renewing the fulness of his lungs, with the constant blast of fresh air. 

“ Towards the latter end of this experiment a piece of the lungs was out quite off, 
where ’twas observable that the blood did freely circulate, and pass through the lungs, 
not only when the lungs were kept thus constantly extended, but also when they were 
suffered to subside and lie stai; which seem to be arguments, that as the bare motion 
of the lungs without fresh air contributes nothing to the life of the animal, he beh^ 
found to survive as well when they were not moved as when they were; so it was not 
the subsiding or movelessness of the lungs that was the immediate cause of death, or the 
stopping the circulation of the blood through the lungs, but the want of a sufficient 
supply of fresh air.” 

It was thus evident that an animal could be kept alive when all 
respiratory movements of the chest waU had ceased, and, secondly, 
even when the lung was kept inflated with fresh air, life was main¬ 
tained. Respiration, therefore, depended not on movements of the 
lungs, but on a supply of fresh air. 

RICHARD LOWER. 
1631-1691. 

The name of Lower—a Comishman—^is still preserved in 
anatomical literature by the name “ tubercle of Lower.” He 
did a large amount of work for Thomas Willis while the latter 

resided in Oxford. At the death of Willis, in 1675, he came to 
London. His Travlatus de Corde, item de Motu et Colore Sanguinis was 
published in 1669, and an edition of his Sromogrwphia—I only know 
it in German—in 1715. The difference between the colour of venous 
and arterial blood was well known, the difference in colour being 
ascribed to a kind of combustion taking place in the heart. It will be 
noticed that the work of Lower deals not only with the heart, but with 
the motion and colour of the blood. Lower saw the greater bright¬ 
ness, i.e. redness, in the upper part of a blood clot or orassamentum, 
and attributed it to its proper cause, the action of the air (Be Corde, 
c. iii., p. 178). He also saw that a black crassamentum becomes bright 
red when it is turned up and exposed to the air. Lower suspected 
that, as the blood passes through the lungs, the change in colour is 
effected. This he put to the test by using the experiment of Hooke, 
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just quoted, i.e. exposing the heart of a dog and keeping up artificial 
respiration. He saw that the blood in the pulmonary vein was 
scarlet before ft reached the heart; also that if the inflation of the 
lungs by means of the bellows was stopped, the blood in these veins 
became dark and venous. He even “ perfused,” as we now call it, venous 
blood through the lungs, and saw that, as long as the lungs were kept, 
inflated, it flowed out by the veins scarlet in colour, but if no fresh air 
was blown into the lungs, or if the lungs were kept distended with the 
same air, it flowed out still as venous blood. He therefore concluded 
that this change was effected in the capillaries of the lungs, and that 
the change is effected by the air. This view was further strengthened 
by the action of the air on the crassamentum of the blood outside the 
body. He thought the blood was not merely exposed to air, but that 
the blood took up some of the air. There was no question of the 
blood taking up only one constituent of the air, for the composition of 
the atmosphere had not yet been ascertained. These fundamental 
and important views of Lower were largely neglected, and we find 
even HaUer opposed the views of Lower. 

About 1660 he seems to have perfected his method of trans¬ 
fusion, and much stir was made about it in 1665. At this time 
diseases were thought to be due to morbid qualities of the blood. 
This method held out a hope to replacing bad blood by good. Lower 
and Dr. Edmund King transfused blood in the human subject in 1668. 
There is an account of the process in Phil. Trans. Ho. 12 and Ho. 20 
(1666), giving a general notice of the operation of transfusion carried 
out before the Eoyal Society in London and at Oxford. La France 
the process was ultimately forbidden by law. 

Lower made estimates of the pressure exerted by the blood, 
calculated the amount discharged at each beat of the heart, calculated 
the work done by the heart, the velocity of the blood-flow in the 
arteries, and in fact touched and investigated some of the most 
important problems in hssmadynamics—a worthy successor of 
Borelli, and precursor of Hales, Poiseuille, and Ludwig. He was a 
worthy foEower of Harvey, and foUowed his method—accurate 
observation and experimentation. There is one interesting experi¬ 
ment described by Lower and shown to the Eoyal Society on Oct. 
17th, 1667—“making a dog draw his breath exactly Eke a wind- 
broken horse.” He divided the phrenic nerves as they pass through 
the thorax. In this paper he gives an admirable exposition of the 
mechanics of the respiratory movements. Lower appears to me to 
stand out as one of the most clear-headed and logical experimentei’S of 
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JOHN MAYOW. 
1643-1679. 

Tracing the evolution of the story we come next to John 
Mayow, who was bom in London in 1643, where he died in 
1679 “in the joyous neighbourhood of Covent Garden” at 

thirty-six, having accomplished much during the all too brief span of 
his existence. He took his degree in law. not in medicine, at Oxford. 
His famous work is Traetatm de sale nitro-, et spiritu nitro-a^eo, 
de res/piratime, respiratityne fostxis in utero et ovo, de motu mmeulari, et 
spiritibus animaVdms, de rhacMtide. (Oxon. 1668.) 

He knew that the heart was muscular and that the blood was 
forced out during systole, for “ if the heart of an animal just killed be 
filled with water, you excite a movement like that which takes place 
in systole, the contents of the ventricle are forthwith ejected.” 

The mechanism of the entrance of air to the lungs he quite 
understands. Malpighi had already shown the stracture of the lung. 
Mayow gives a figure of a bladder placed in a pair of bellows, with 
the mouth of the bladder communicating vrith the nozzle of the 
beUows. When the bellows are expanded, air rushes in, and, when 
compressed, air is forced out. He figures the intercostal muscles, and 
ascribes the increase in capacity of the chest during inspiration to 
the raising of the ribs and the descent of the diaphragm. Expiration 

It is the chemical aspect of the question with which the name of 
Mayow is linked, for he showed that it was not merely a portion of the 
air which is necessary for combustion and for respiration, but a parti¬ 
cular part—or constituent—of the air. He called it sal nitro-aermm or 
spiritus nitro-aereus or igneo-aereus. It was, in fact, the gas we now 
call oxygen, which as such was not discovered till more than a hundred 
years afterwards. 

He refers to Boyle’s experiments, which show that something in 
the air is necessary for the burning of every fiame. The air for him 
was a compound body. The nitro-aereal spirit gave the air its power 
of .supporting flame, and it was this that the blood in its passage 
through the lungs abstracted from the air. Like Boyle, he knew that, 
after breathing in a closed space, the volume of air was diminished, 
but Mayow appears to have been the first to estimate the amount. 
He puts it at Hales later on put it ^ to Lavoisier in 1777 
gave the amount as The older observers, still under the sway of 
the physical investigations on the elateror spring of the air, explained 
this diminution of volume by saying that the air has lost part of its 
elasticity or its spring. A candle burned in a closed vessel over 
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water, or an animal breathing under the same conditions, equally cause 
a diminution in the volume of the air—more, indeed, in amocmt when 
an animal is thus suffocated than when the candle goes out. 

It may thus be taken that Mayow grasped the first factor of the 
process of external respiration, viz., that something is taken from the 
air by the blood. We have to wait a Httle longer before the know¬ 
ledge of the second factor is fully discovered, viz., that the blood 
gives off something to the air in the lungs. Even Hales expresses the 
view that the expired air contains aqueous vapour and certain 
noxious efduvia, and has its spring diminished, a view endorsed by 
Haller. 

“Ha small animal and a lighted candle be placed in a closed flask, so that no air 

the flame needs a continuous rapid and full supply of nitro-aereal particles. 

not a little towards sucking in aereal particles which may remain in said flask and 
towards transferring them to the blood of the animal.” (Mayow.) 

The hypothesis of Mayow as to the constitution of the atmo¬ 
sphere seems at first to have attracted considerable attention, but it 
was shortly afterwards abandoned or forgotten. Two quotations will 

» The total neglect into which the experiments of Mayow had fallen, during the 
greater part of the last century, must be regarded as a very singular occurrence in the 

which subsists between these 
(John Bostock, Physiology, 
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factors in the universe. Early in the sixteenth century (1505) one who 
indirectly exerted a great influence on science, and left his mark on the 
progress of human thought, took his degree of Doctor of Philosophy, to 
wit, Martin Luther. The psychologist may find much to interest him, 
the politician may find something to explain, in the stay of Luther in the 
old Castle of the Wartburg, where ink rather than blood—as in Holy- 
rood_serves to mark an episode of world-wide interest. Impulses, 
therefore, of far-reachii^ import proceeded from Erfurt which are stiU 
exerting their influence on physiology and on human progress. In the, 
first half of the sixteenth century, we come across one picturesque and 
erratic figure, one who in his time played many parts and who took up 
this idea of an arehoam, to wit, PAEACELSUS (b. Einsiedel, 1493) 
—“ Monarch of all Physicians,” “ King of Quacks.” With aliases 
galore, he flitted hither and thither, and at last died in the Hospital 
of St. Sebastian, Salzburg, in 1541—about the time Vesalius was 
finishing his great FaJyrim—^t. 48—he who “ had compounded the 
tincture of life.” The story of chemical physiology therefore begins 
with the alchemists, and a curious erratic story it is, which in part 
only can be told here. Heoessarily it is linked with the progress 
of discovery in other departments. This old archceus takes one 
back to a memorable Simday evening in Edinburgh in 1868, when 
THOS. H. HUXLEY delivered his famous address “ on the physical 
basis of life.” Some who listened to that address may recollect the 
storm it evoked. Let the dead bury their dead. Here is Huxley’s 
view of this archosm, and right catholic it is:— 

“I ask you what is the difference between the conception of life as the product 

One of the quaint books not unfrequently to be found on 
second-hand bookstalls is the Medieina Statica, being the Aphorisms 
of SANCTOBIUS (1561-1636) translated by John Quincy, M.D., to 
which is added JAMES KEIL’S Medieina Statiea Britanniea. The 
motto explains the whole: Pondm-e, Menswra et Numero Dms omnia 
fecit, MDCcxx. His Medical Statics, pubKshed at Venice in 1614, deals 
with the foUowing subjects, and under each section are many 
aphorisms—insensible perspiration; air and water; meats and drink; 
sleep and watching; exercise and rest; venery; affections of the 
mind. JAMES KEIL of Northampton gives another series of 
aphorisms. Both works afford much amusing reading. Keil was a 
Scotsman (1673-1719), who lectured at Oxford and Cambridge, 
published a work on anatomy, and wrote on secretion, the 
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quantity of blood in the body, and muscular motion (1708), and also 
“ eonoeming the force of the heart in driving the blood through the 
body.” 

Here is a picture of Sanetorius and his method of weighing 
himself. The point in the whole affair is that long before the balance 
came to assume its true importance in matters chemical, Sanetorius 
had, by its use, foimd a means of determining the loss of weight of his 
own body under certain conditions by what is known as “insensible 
perspiration.” It is obvious that the word perspiration is taken 
broadly. Two quotations will suffice. 

APH. VI. 

“ If eight pounds of meat and drink are taken in one day, the quantity that usually 
goes off by insensible perspiration in. that time is five poimds.” 

APH. SVII. 

“A person may certainly conclude himself in a state of health, if upon ascending a 

Santorio—the Italian form of the name—the celebrated pre¬ 
cursor of the iatro-mechanical school, was bom at Capo d’Istria (1561), 
and studied at Padua, where he became Professor of Medicine (1611— 
1624). According to Nelli, Sanetorius invented and described a 
thermometer in 1612. {Biog. Lendkon.) 
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JEAN B. VAN HELMONT. 
1577-1644. 

There was bom at Brussels, in 1577, one who exercised a great 
inBuence on the rise of chemical doctrine viz., Jean Baptiste van 
Hehnont, who, after trying various studies, was attracted to 

medicine and graduated as M.D. in 1599. He had by marriage ample 
pecuniary resources; and lived at Vilvorde, where he died in 1644. He 
introduced two new terms, “gas” and “bias.” The latter perhaps- 
corresponded to the arcUosm of Paracelsus. The term “gas” he 
applied to something which is like air, but is not the air of the atmo¬ 
sphere. He discovered it as a product of fermentations— 
syhestre. He obtained it when charcoal was burned, a kind of 
spirit—a “ geist.” Heist, ghost, and gas are the same words. He saw 
that changes took place in the juice of the grape, and he assumed that 
this was brought about by a ferment, causing ebulhtion. Imbued 
with this idea of fermentation, he regarded all the processes in the 
economy, not only digestion in the intestinal tract, but all other changes 
of nutrition, as due to this process. His researches gave an impulse to 
the study of the chemical aspect of certain problems in physiology. 
The scene is now shifted to Holland. 

FRANCISCUS SYLVIUS. 
1614-1672. 

Sylvius DE la BOE, a Erenchman by descent and a 
Dutchman by adoption, was the great leader of the chemical 
sect. He graduated in medicine at Basel in 1637, and practised 

at Amsterdam, where he became familiar with the views of 
Descartes and Van Helmont. In 1658 he was appointed Professor 
of Medicine at Leyden, where he exerted a powerful influence on 
some of his celebrated pupils. He is said to have been the first to 
introduce the plan of giving lectm-es on his own individual oases 
in the hospital, a practice .followed later with great success by 
Boerhaave. Moreover he seems to have been the first to found a 
University chemical Moratorium. His bias was towards chemical 
speculation and investigation. He adopted Harvey’s view of the 
circulation of the blood. The “ aqueduct of Sylvius ” is named after 
him. He distinguished between conglomerate and conglobate glands. 

Amongst his pupUs were N. Stensen, of whom we have already 
spoken, and Eegner de Graaf, or, as Stokvis oaUs him Eeinier de 
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Graaf. Sylvius regarded the processes in the human body as chemical, 
and of the nature of those that occur outside the body in chemical 
experiments. The process was of the nature of a fermentation, but 
this word was not used in the same sense as applied by Van 
Helmont. In fact this word “ fermentation ” had very varied meanings, 
according to the author who used it. E. Vieussens, as we have 
already noted, wrote a long dissertation on this subject. Sylvius was 
the founder of the iatro-chemical school, as opposed to the iatro- 
mechanical. He at least directed attention to the importance of 
chemical processes in the explanation of the phenomena of living 

The fact that some glands possessed ducts and poured them 
juices into the intestinal canal arrested his attention, and accordingly 
one of his pupils conducted an investigation on the pancreas in 1664;. 
The pancreatic duct, which still bears his name, was discovered by 
Wirsung in 1642, the duct of the sub-maxiUary gland by Thomas 
Wharton in 1655-6, and that of the parotid gland by Stensen in 1661. 
Of the last we have already recorded the story. JOHN GEOEGE 
WIESUNG was Professor of Anatomy in Padua, and was therefore 
a remote successor of Vesalius and Pabricius. According to Cl. 
Bernard, he sent a copy of a copper-plate engraving of the duet to 
Eiolan in 1643. He was assassinated on the 22nd August, 1643. 
Whereon Cl. Bernard remarks, in his famous lecture Pancreas, 
Histm-igue, 23rd May, 1855 : “Nous constatons de nouveau ici que les 
d^couvertes anatomiques et physiologiques susoitent aujourd’hui moins 
de passions.” There is a magnificent figure of this duet in De 
Graaf’s work copied from that of Sylvius (1695), showing with a 
softness and delicacy a triumph of the engraver’s art. It also shows 
justly how the smaller secretory ducts join the main duct nearly at 
a right angle. 

THOMAS WHARTON. 
1614-1673. 

The publication in 1656 of the AdemgrapMa of Wharton, a 
Yorkshireman, an important epoch in anatomical dis¬ 
covery. It deals not only with glands without ducts, e.g. thymus, 

but, also with his own discovery of the duct of the sub-mashlary gland. 
He gives careful descriptions of all these glands, their nerves, blood¬ 
vessels, &c. The results were originally given in his lectures at the 
College of Physicians in 1652. I have reproduced his two figures of 
the sub-maxillary gland of the ox, as he was the first to discover the 
duct of a salivary gland. He recognised that it conducted saliva. 



REGNER DE GRAAF. 
1641-1673 (ffit. 32). 

This briUiant pupil of F. Sylvius was bom at Scboo 
and practised at DeUt, where he died in 1673, a year a 
master, whose Chair he felt himself unable to accept, 

student, and as yet only twenty-three, he experimented on the panere 







By taste alone the juice was determined to be acid. The discovery 
of the laoteals, and the presence in them of chyle, led Sylvius to think 
that all the nutritious matter of the food passed that way to reach the 
blood. De Graaf, in 1668, gave an excellent account of the structure 
of the testis, as consisting of tubules folded up in lobules. His 
name is more familiar in coimection with the ovarium, although this 
term is said to have been first applied to it by Steno {Myol. Specimen, 
p. 145). De Graaf appears to have been the first to describe its 
structure, and the vesicles that stUl bear his name, and the changes 
they undergo in different periods of gestation {De mulierum Organic 
General, imero. tract, nomis, Lugd. Bat. 1672). These vesicles received 
their present name from Haller, who called them ova Graaflana or 
vedaiUe Graaflwrm. 

The story of the discovery of the gland we now know by the 
name of Peyer is interesting. JEAH CONEAD PEYEE was 
bom at Schaffhansen, in Switzerland, where he practised, dying 
there in 1712. He tells us that he saw these glands scattered in 
definite portions over the small intestine, some singly, some in groups. 
He thought each had a pore at its summit and that they were 
secretory (or conglomerate) glands and not lymphatic (or conglobate). 
His view was that they secreted a digestive juice which is most useful 
in the lower part of the gut. I have reproduced his original figure 
from his work entitled De Glandulis Intestinorum eorumgue usu et 
afeetionUms (Amstel. 1681). In this connection it may not be without 
interest to reproduce a plate from N. Grew’s work showing these 



patches in a rat and rabbit. In fact these old figures are particularly 
instructive, as they give the length, size, and proportion of the several 
parts of the intestinal tract in a way that appeals to one far more 
vividly than the mere citation of numerical data. Peyer also wrote 
an excellent account of the anatomy of the intestine of the fowl, and 
also on Merycologia, sme de Rumirmntibus (1685), or Eumination. 

Bom at Dieffenhofen in the same year as Peyer, JEAlSf 
CONEAD BEUNNEE, who studied at Strasburg, discovered in the 
wall of the duodenum of the dog and man, about 1672, the glands that 
bear his name. He subjected the gut to the action of boiling water. 
(fie Glandulis in duodena intestino deteetis, Heid. 1687). He published 
his results on the pancreas in 1682 (Eooperimenta nova (Area pancreas). 
In 1687 he became Professor of Medicine in Heidelberg, a post he 
held for a year, and then settled in Mannheim, and later on was 
ennobled as “ Bruun von Hammerstein,” and died in 1727. His in¬ 
augural dissertation at Heidelberg is entitled Dissertatio inanguralis de 
GlandvZis Duodeni. He speaks of these glands as yielding a juice 
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He removed the pancreas and the spleen as well, but not the 
whole of it, from a dog, which he kept alive for a time. According 
to him, in this dog the digestive functions were performed normally. 
If this he so, then it is plain that the pancreas could not have the 
high importance attributed to it by Sylvius and He Graaf. In one 
dog he observed great thirst and frequent micturition, and in 
another a ravenous appetite. All these statements are intensely 
interesting in the light of what we now know regarding the sinister 
effects of complete removal of the pancreas. 

In connection with the digestive process itself, some held that it 
was due chiefly to the stomach, others to the bile, and some that it 
was chiefly due to trituration, others to concoction and chemical 
changes. Borelli long ago had experimented on birds provided with 
gizzards, e.g., turkeys, in which he showed that glass spheres, hollow 
lead tubes, filberts, and nuts were crushed by the powerful action of 
the gizzard. He even calculated the force of the turkey’s stomach at 
1,350 lbs. In those animals not so provided, flesh and bone intro¬ 
duced into the stomach are consumed by a very potent ferment. The 
school of Sylvius—^the iatro-chemists—contended that the changes 
were mainly chemical Here the story is interrupted again for a 
long time, for GEOEG EEHESTUS STAHL (1660-1734) added 
nothing to our knowledge of this subject. With his doctrine of 
“ Phlogiston,” and his “ Animism” and “ vital principle,” or, rather, 
“sensitive soul,” he retarded, rather than advantaged, progress. 
Two other observers, taking up the method of Borelli, added 
considerably to our knowledge of the process of digestion, more 
especially in birds. 

HERMANN BOERHAAVE. 
1668-1738. 

TEACING the story from the end of the seventeenth to the 
eighteenth century, next to Stahl, the dominant and out¬ 
standing personality is Boerhaave, who, like Vesalius, was 

bom as one year was shortly to pass into a new one, on December 
31st, 1668, at Voorhout, near Leyden. His father was a clergyman, 
and Boerhaave’s training at Leyden was such as to prepare him for 
the Church. After the death of his father, he taught mathematics in 
order to enable him to complete his studies in divinity. He became 
Doctor of Philosophy in 1690. Vanderberg, the burgomaster, advised 
him to study medicine. Boerhaave had a long-standing ulcer in the 
leg, which he cured by the application of a rather homely remedy. 
This result, it is said, along with an interlude of a different kind. 
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determined his action. He entered into a dispute with some one on 
a public track-boat about the doctrines of Spinoza, and he was by- 
and-by regarded as a Spinozist, although, in his thesis of 1690—i)e 
distinctione Mentis a Corpore, The Distinction between Body and Mind 
_he had vigorously assailed the doctrines of Spinoza. He studied 
hard, and appeared to have acquired his knowledge largely by 
private study, though he appears to have attended the course of 
Drelincourt and Nuck. He took the degree of M.D. in the 
University of Harderwiok in 1693. In 1701 he succeeded Drelin- 
court, first as Lecturer, and, in 1709, as Professor of Medicine and 
also of Botany, as successor to Hotton. His success, as a lecturer 
and teacher, was such that the authorities increased his emoluments, 
and gave him unlimited scope for his unbounded energy, by making 
him, in 1715—after Bidloo’s death in 1715—Professor of Practical 
Medicine, and, in 1716, Professor of Chemistry as well, as successor to 
Le Mort. Indeed, he was a whole “ Medical Faculty in himself.” 
In 1710 he published his Index Plantarum, but his two most famous 
books are his Institutioms Mediae, &e., 1708—^which passed through 
fifteen editions—and his Aphyrismi de cognoscendis ei mrandis MorUs, 
&o., 1709. These for long formed the leading text books on these 
subjects in all the Schools of Europe. In 1731 his Blementa, Chemicm 
appeared. Already, in 1712, his reputation was so great that, on his 
recovery from his first severe attack of gout, the town of Leyden was 
illuminated and a general holiday declared. In 1729 he gave up the 
Chair, of Botany and Chemistry. In 1730 he was admitted to the 
Royal Society of London. He died, with the symptoms of hydro- 
thorax, on September 23rd, 1738. He assisted in the re-publication 
of many works of the older anatomists : Eustachius (1707); Vesalius, 
jointly with B. and B. S. Albums (1725), but probably the latter 
wrote most of the additions (the plate marked “Vesalius Demon¬ 
strating” is from this edition); Bellini, De Urinis, Pulsiims (1730); 
J. Swammerdam, Historia Insectorum, sine Biblia Naturae (1737), a 
work to which we have already referred. 

RENE A. F. DE REAUMUR. 
1683-1757. 

Towards the end of the seventeenth century there was bom in 
the old Huguenot town of La RocheUe—famous in scientific 
story as the place where Walsh made his first experiments on 

electrical phenomena of the torpedo (1773), and in political history by 
its famous siege-one who stands out as one of the most versatfie and 
strikingly original scientific men of aU time. His private means 
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were ample, and he studied just to please himself. During his school 
holidays, as he lived near the sea, he studied the murex, that yields 
the Tyrian purple, the process of reproduction of lost limbs in crabs, 
the movements of star fishes, phosphorescence (1708-1715). Already 
his scientific bias declared itself He in later life made important 
contributions to the problem of the manufacture of steel and tin¬ 
plating, to the making of porcelain (1735), and devoted much attention 
to forestry. His observations on the silk of spiders were made in 
1714. The thermometer which bears his name was invented in 1731. 
His other great works were Insects, in 1737-48 (12 vols.); Incuba¬ 
tion of the Chick, and, what concerns us most, Sur la Digestion 
des Oiseaux (Digestion of Birds), Mem. des Acad, des Sc., Paris 1752, 
p. 266, though the work was b^un in 1749. He was killed by a fall 
from his horse in 1757. 

He made use of a fact in comparative anatomy, viz., that certain 
birds regurgitate the indigestible parts of their food. He gave to a 
tame kite metal tubes—containing flesh, starch, bone, or other 
substance—and provided with a grating of threads at both ends to 
prevent the escape of the contents. He found that the contents of the 
regurgitated tubes were in part dissolved, and what remained showed 
no sign of putrefaction. Filling such tubes with sponge, he was able 
to obtain a small quantity of gastric juice—which he found turned 
blue paper red. This juice he used to try what we now know as 
artifical digestion in vitro, and found that meat was partially dissolved 
thereby and that there was no putrefaction. It was evident, then, that 
gastric digestion was not due to trituration of the food, that it was 
not a putrefactive process, but that the gastric juice had a solvent 
and, indeed, anti-putrefactive power. It was not until Spallanzani 
took up the subject again, that this subject was carefully 
investigated. 

ALBRECHT VON HALLER. 
1708-1777. 

I HAVE purposely passed over the views of Boerhaave on physio¬ 
logical problems. He held a sort of even balance between the 
iatro-mechanical and iatro-chemical schools. It was his Institu- 

tiones Medicoe which' secured him one of his' most brilliant pupils, of 
whom we shall speak next. Indirectly, therefore, the MSS. of Vossius, 
the kindly advice of a burgomaster, and a dispute about Spinoza 
led Boerhaave to medicine, and the latter's “ Institutions ” led Haller 
to Leyden. 

It was a matter of great importance to the development of 
physiology that the fame and works of Boerhaave attracted to 



( 56 ) 

Leyden one who has been called the “Father of experimental 
physiology” viz., A, von Haller. He was bom at Beme in 
1708. 

The precocity of the youth, the versatility of his talents, and his 
extensive acquirements, while apparently fitting him for any profession, 
rendered the choice of a career somewhat difficult. Fortunately he 
had a bias towards medicine, and in 1723 he decided to .study at 
Tubingen. As showing the influence of Boerhaave on Haller, who 
had used his “Institutes” recommended by one of his teachers— 
Duvemoi—Haller, in 1725, went direct to Leyden to continue his 
studies under the master himself at a time when Boerhaave was in the 
full plenitude of his powers. There also he sat under B. Albinus 
(primus), and had as a fellow-student F. B. Albinus, who succeeded 
his father as Professor of Anatomy in 1745. Doubtless also he 
learned something from the already aged Kuysch. He took his M.D. 
in Leyden in 1727, and then spent some time in travel, visiting 
England, and then Paris, where he made the acquaintance of 
Winslow, the Professor of Anatomy. He next returned to Basel 
in 1728, where he devoted a considerable amount of time to the muses 
and to botany, studying under Bemouilh. In 1730 (set. 22) he 
returned to his native city, where he practised medicine, studied 
and taught anatomy (from 1734) until 1736, when George II., as 
Elector of Hanover, oflfered him a Chair of Anatomy, Surgery, and 
Botany, in the newly founded University of Gottingen—an offer 
which he accepted. He met with an accident on the way, and his wife 
was fatally injured. 

In Gottingen he laboured seventeen years, chiefly at physiology, 
where he had Zinn as a pupil, returning to Beme in 1753, where he 
lived and wrote for nearly another quarter of a century, publishii^ in 
1757 the first volume of his Elenwnta Phymlogiw, and the last or eighth 
volume in 1766. This great compendium marks the beginning of 
modem physiology. His industry must have been immense, for every 
page bristles with references to preceding works, and the work itself may 
be taken as comprising the fullest embodiment and representation 
of all that had been taught in physiology up to that time. Careful 
anatomical descriptions are followed by physiological expositions and 
then on both a critical judgment with suggestions as to what is required 
to complete the pietm-e. His chief claim to glory is his Elmmta, 
which contains all the facts, theories, and bibliographical references of 
preceding observers. His knowledge was encyclopedic, his tastes 
catholic, his aspiratious poetical, and he was supremely devout withal. 

On the death of DUlenius, he was invited to occupy the Chair of 
Botany at Oxford, but declined. 

Like his master Boerhaave, and like Harvey, and so many more 
of the fraternity, he was a martyr to gout. Sincerely devout, and 
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possessed of abiding religious faith, he met his end, perhaps, as few 
ever did. Eosselot, his physician, attended him to the last. HaUer 
felt his own pulse from time to time, and, addressing his friend and 
physician with the utmost composure, said, “ The artery no longer 
beats.” Thus passed away on December 12th, 1777, this “ Prince of 
Physiologists,” the year which marks also the death of Linnaeus and 
Jussieu, Voltaire and Rousseau. “ Science and literature have rarely 
lost such splendid ornaments in so short a period of time ” (T. J. 
Pettigrew). 

Perhaps, his greatest work is that on the doctrine of muscular 
irritability. Glisson, as we have seen, introduced this term, using it 
in a broad sense. He established the fundamental fact that the 
“ irritability” or excitability of a muscle, or vis insita or “inherent 
force ” as he calls it, is a property dependent on the muscle itself, and 
not on the influence of the nervous system. We need not enter here 
into his long discussion with Robert Whytt, of Edinburgh, who main¬ 
tained the opposite proposition. All this dates from 1739 to 1743. 
The power by which muscles are called into action through the nerves 
he calls the vis nervosa, which, like the vis insita, survives somatic 
death, for a muscle of a frog can be thrown into action when its 
nerve is irritated. He distinguishes “ sensibility” from “irritability,” 
and in his paper on “Sensibility,” read 22nd April, 1752, in 
Gottingen, he states how since 1751, “j’ai sousmis a plusieurs essais 
190 animaux; espece de cruaute pour laquelle je me sentais une 
repugnance qui n’a pu gtre vaincue que par I’envie de contribuer 
a I’utflite du genre humain.” The second paper, on “ Irritability,” 
was read 6th May, 1752. Any one wishing to read these famous 
memoirs will And them reproduced by my friend Charles Riehet, 
Professor of Physiology in the Medical Faculty of Paris, in his Les 
Maitres de la Sdmee: Bibliotheque retrospective (1892). 

Besides his Elementa Haller’s chief works are, Sur la formation 
du Cosur dans le Poulet (Lausanne 1758); La Nature sensiile et irritable 
des parties du Corps animal (Lausanne 1760); Mouvements du Sang et 
la Saignee (Lausanne 1757); Formation des Os (1758); La G^nMration 
(1758); CoUectims de thises de Medecine, de Chirurgie, et dlAnatomie, 
IS vols. 4to (1757-1778). 

WILLIAM CULLEN. 
1712-1790. 

Born in 1712 at Hamilton in Lanarkshire, he studied at Glasgow 
University in 1727, went to London in 1729, visited the West 
Indies as a surgeon on a merchant ship ; he returned to Scotland 

in 1731, attended the University of Edinburgh (1734-1736), was one 
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of the founders of the Royal Medical Society of that city (1737). 
He practised as a surgeon in Hamilton in 1736, and took his M.D. in 
Glasgow in 1740. He removed to Glasgow, where he practised his 
profession and lectured on medicine, botany, and materia medica, and 
chemistry, and became Professor of Medicine in Glasgow University. 
He was the first to give up lecturing in the Latin tongue. He was 
elected to the Chair of Chemistry in Edinburgh by the Town Council 
in succession to Dr. Plummer in 1755, a post he held for ten years. 
He also lectured on clinical medicine in the Royal Infirmary, and had 
as coUeagues Dr. R. Whytt and Professor Monro, and he succeeded, 
on the death of Whytt in 1766, to the Professorship of Institutes of 
Medicine. The Chair of Chemistry was then filled by his pupU Black. 
For a time he was co-professor with Gregory. He resigned in 1789, 
and was succeeded by Dr. James Gregory. He died in 1790 ®t. 78. 

JOHN HUNTER. 
1728-1793. 

The immortal John Hunter was born at Long Calderwood, 
the youngest of ten children. His brother WMliam had early 
migrated to London, and was not only a successful 

practitioner there, but was lecturer in the Windmill Street School of 
Medicine. John, who had passed three years in a workshop in 
Glasgow, joined him in 1748 as an assistant in the School of Anatomy. 
In 1754 he entered as a pupil in St. George’s Hospital, becoming 
house-surgeon in 1756. In 1761 he became an army surgeon and 
went to Belleisle and Portugal where he remained three years, his 
place as assistant to his brother being supplied by Wm. Hewson. 
WTM. HEWSOH was bom at Hexham, 1739, and, when he 
came to London, lived with John Hunter, taught anatomy, and had 
a department in WindmiU Street with Wm. Hrmter. His 
chief works—and some of them are classical—deal with the Blood, 
LympTtatic System in Birds, Lymph, Red Particles of Blood. See 
Works of W. Hewson, by Geo. Gulliver (New Sydenham Soo., 
1846). He died on May 1st, 1774, from the results of a dissection 
wound at the early age of thu’ty-five. 

On his return to England, Jack Hunter, as he was called, settled in 
London, lectured on practical anatomy, surgery, dissected, collected, 
built a house at Earl’s Court for keeping his strange collection of Uving 
animals, and at the same time followed the practice of his profession. 

In 1776 he was appointed surgeon extraordinary to the King. 
He removed to Leicester Square in 1783 and erected a building for 
his coUection of aU kinds of preparations-anatomical and pathological 
—Shuman and comparative. 
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He first tied the femoral artery for popliteal aneurism in 1785. 
In 1786 he became Deputy Surgeon-General to the Army. 

He suffered from angina pectoris and died with awful sudden¬ 
ness on October 16th, 1793 (set. 65), at St. George’s Hospital, where 
he went to attend a meeting. His pupil, Ed. Jenner, may be said to 
have been the first physician in England to diagnose this disease. 

The Hunterian Museum is his great memorial; his own part of 
it cost him in money alone £70,000. It was purchased by the 
Government for £15,000, and presented to the corporate body that, 
in 1800, became the Eoyal College of Surgeons. It would take 
several pages even to enumerate the titles of his works, but some of 
his views on special subjects are referred to elsewhere. There are 
numerous and easily accessible biographies. The museum and 
collections of his brother William are the property of the University 
of Glasgow. 

The portraits reproduced of John Hunter are two, in photo¬ 
gravure. One is the well-known portrait by Sir Joshua Reynolds, the 
other is new. It is taken from a photograph given to me by the late 
Sir Henry Aeland, of Oxford. The statue was presented by the late 
Queen, Her Majesty Queen Victoria, to the Museum of Oxford, and 
forms one of a beautiful series of statues that adorn that most 
delightful and resposeful Valhalla. It was executed by Mr. H. 
Richard Pinker. In the words of one who has a profound admiration 
for John Hunter, “ Reynolds gives the thinker ; this gives the fighter, 
physically as well as mentally.” 

We need only recall one or two incidents connected with the life- 
work of WILLIAM HUNTER, the brother of John. 

WILLIAM HUNTER was bom in 1718 and died in 1783. 
His remains are buried in the rector’s vault of St. James’s 
Piccadilly—a hero amongst his compeers—having on one side 

of him the English Hippocrates, Thomas Sydenham, and on the other 
Richard Bright. 

William, after leaving college, fortunately for medicine, did not 
obtain the post of schoolmaster in his native parish, and this incident 
recalls the fact that another great Scotsman—Sir James Young 
Simpson—fortunately for medicine and humanity, did not get a small 
post he sought in a small village near the Clyde. SIMPSON’S name 
must ever remain associated with anaesthesia and chloroform (1847). 

The story of the “ two Williams,” Wm. Cullen and Wm. Hunter, 
will be found in John Thomson’s Life of CuUm (1832). 

Cullen, at one time a country practitioner in a small town in 
Lanarkshire, whose name is intimately linked with that of the Hunters 
and Black, acquired a European fame. 
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LAZZARO SPALLANZANI. 
1729-1799. 

MOEE frequently spoken of as the Abbe, for he took orders, but 
his bias was towards natural history. It was only the other 
day that his compatriots in Science celebrated the first 

centenary of his death by issuing a volume of contributions in his 
honour. The collotype is taken from the profile drawing in this volume 
issued at Eeggio-Emilia on this occasion. The figure of the bust of 
Spallanzani adorns the Seuola called after him in the new Physiological 
Laboratory of the University of Modena. I owe it and several others 
to the kindness of Professor Mariano L. Patrizi, of Modena. 

Born at Scandiano in Eeggio-Emilia, the son of a celebrated 
advocate, be received a Uberal education with a view to his entering the 
legal profession. He studied law in Bologna, there also he studied 
mathematics imder his cousin, Laura Bassi, “a woman justly cele¬ 
brated for her genius, her eloquence, and her knowledge of physical 
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and mathematical science,” and one of the most illustrious Professors in 
Bologna (J. Senebier). Vallisnieri, Professor of Natural History, 
Padua, advised him to study natural history, and his father con¬ 
sented to his following the bent of his own inclinations. 

From 1754 to 1760 he was Professor of Logic, Mathematics, and 
Greek at Eeggio in Lombardy, and then of Natural History in 
Modena, where he remained until 1768, when he accepted the corre¬ 
sponding Chair in Pavia, where he died in 1799 ; his physician was the 
illustrious Scarpa. He journeyed much, and collected much, for he was 
essentially a great naturalist of the widest sympathies. In 1765 he 
published his Saggio di Ouerv. microsmp. conm-n. il aystema di Needham 
e Buffm, in which he established the animal nature of animalculm, and 
their development from pre-existing parents; and showed that there was 
no such thing as a spontaneous generation of these creatures. His re¬ 
markable work, Sopra le riproduzioni animali, surprised the scientific 
world. He proved that reproduction of lost parts in animals—the head 
in snails, limbs in newts, &c.—could take place to an extent hitherto 
unacknowledged. He also made some remarkable observations on the 
circulation of the blood, incited thereto by reading the works of Haller. 

In his Opuscoli di Jlsica anim. e zegetaUle (Modena 1776), he deals 
with the problems of generation already mentioned. It is in his 
Dissei-tazioni di Jlsica mimale e tegetabile (1783) that he deals with 
the problems of digestion. He started where Borelli and E4aumur 
left off, using metal tubes, which he introduced into the stomachs of 
animals, carnivorous or otherwise. He also experimented on him¬ 
self by swallowing meat or bread, wrapped up in linen. He obtained 
gastric juice and studied its effects iwmtro, keeping the juice warm 
and placing in it bread, meat, grains, and observing the effects of 
artificial digestion. He used water added to the meat or bread as a 
control test. He found that this jmce dissolved flesh, bones, bread ; 
that some parts were more readily dissolved than others. There was, 
moreover, no putrefaction. Indeed, when opening a snake several 
days after it had fed, he got no trace of putrefaction in the still un¬ 
consumed cadaver in the stomach. 

As to the cause of the solution, the absence of signs of putre¬ 
faction showed that it could not be due to this proce.ss; in fact, 
putridity in meat was arrested or set aside by action of “ the some¬ 
thing ” he used and regarded as gastric juice. He knew that the juice 
coagulated mUk, but as yet there was no proof of the acidity of the 
juice, far less of its acidity being due to a mineral acid. That dis¬ 
covery was reserved for W. Front (1824). There is an excellent 
English translation by one “ who choose.s to conceal his name.” In 
the introduction Spallanzani states that 
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of fowls and 

and gibraards 
lot neglecting 

The work contains six dissertations with two hundred and sixty- 
four paragraphs, each one following the other with logical precision, 
and giving exact accounts of the order of experimentation, the results, 
and Spallanzani’s deductions from them. Every student of medicine 
should read the dissertations. 

I can, perhaps, best sum up Spallanzani’s work by epitomizing 
the letter of the veteran Professor A. v. KOLLIKEK written “in 
honour of the great Lazzarus Spallanzani.” 

His remarkable observations on Respiration, which bridged over 
a great gap left by Lavoisier, are referred to in another place. 

In the same j-ear as Spallanzani published his Opiiscoli, a thesis 
for the degree of M.D. was presented to the University of 
Edinburgh by E. STEVENS, De aliinentorum concocXione Diss. (Edin. 
1777). This is translated aud appended to the Dissertation of 
Spallanzani already refeixed to. 



L. SPALLANZANi. 
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now followed it twenty years. His stomach is so much distended, that he can swallow 
several stones at a time; and these may be not only plainly felt, but may be beard, 
whenever the hypogastric region is struck.” 

Stevens used hollow silver spheres perforated with fine holes, 
which he filled with all sorts of food, animal and vegetable, fish and 
fowl, roast and boiled, even live worms and leeches, and these spheres 
were swallowed by this person, and when voided—usually in fi’om 
twenty to forty hours—any changes in the nature and weight of the 
contents were noticed. The Hussar left Edinburgh, and Stevens had 
recourse to dogs and ruminants. He also used ivory balls and was 
surprised to find that they were dissolved by the gastric juice of a 
whelp. He practically arrived at the same results as Spallanzani, 
for his experiments 

“ show that digestion is not the effect of heat, trituration, putrefaction, 

Here we must again refer to JOHN HUNTER, who found 
digestion of the posterior wall of the stomach in several eases where 
the person had died suddenly, usually’ after a full meal. The first 
ease was recorded at the instance of Sir John Pringle. Others 
after fracture of skull, i.e, after sudden violent death, he met with 
in his own practice. His results he recorded in On the Stomach iUelf 
being digesUd after death, in PhU. Trans. LXII., p. 447, 1772. He 
recurs to this subject in a paper entitled Sotm Observations on Digestion 
in his Observations on certain parts of the Animal Economy, dated 
from Leicester Square, 1786. 

All his observations led him to a more decided confirmation of 
his views of the existence of a “vital principle.” He saw clearly 
enough that “ the digestion of the wall of the stomach after death 
shows that digestion neither depends on a mechanical power—the 
old trituration—nor contraction of the stomach, nor on heat, but on 
something secreted in the coats of the stomach . . .” It 
remained for Bernard to give an excellent and simple demonstration 
of this process in a rabbit killed during digestion. Hunter’s idea of 
a living hand and a dead one introduced into the stomach was met 
in a different way many years later by Bernard, who used the leg of 
a frog, and F. W. Pavy, who used the ears of a rabbit; but these 
experiments were only possible after the invention of gastric fistulse. 

These Observations are most interesting, but Hunter goes out of 
his way to say ungracious things of Spallanzani and others. He 
speaks of the nature of their education—“ of views that few will sub¬ 
scribe to ”—of the cleigy as philosophers and physiologists. He must 



have been in one of his irritable moods. He vsdll have none of 
Spallanzani. The article, of course, shows his intimate knowledge of 
comparative anatomy. He even says :—“ The stomach appears not 
only to be capable of generating an acid, but air, the latter in 
disease.” He speculates as to the blood being the source of this air. 
He “ is inclined to suppose an acid in gastric juice as a component or 
essential part- of it.” He tested it with syrup of violets, which 
became red. Gastric juice coagulates milk and white of egg. “ It is 
not the digestive power which coagulates milk, complete coagulation 
takes place even where digestion does not at all go on.” This is a 
remarkably shrewd observation, in view of what we now know 
regarding pepsin and rennin. He records the fact that, while 
stationed at Belleisle, he introduced worms into the stomachs of 
animals, and observed the effects of heat and cold on the process of 
digestion. 

To complete the story, perhaps the best way will be to quote 
Senebier’s Life of Spallanzani:— 
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JOSEPH BLACK. 
1728-1799. 

“ No professor took a more lively interest in the progress of an emulous student 
than Dr. Cullen. It was his delight to encourage and assist their efforts, and therefore 
he was not long in attaching Mr. Black to himself, in his most intimate cooperation.” 
(Professor J. Eobinson’s Preface to Black’s Lecture on Elenunb of Cltemislry.) 

CULLEN was attracted by the teaching of Stahl, and for a time 
followed chemistry with ardour before he devoted himself 
to medicine. He was the teacher of Joseph Black, and Black 

became his successor—Black, “ who first struck out a new and brilliant 
path, which was afterwards fully laid open and traversed with such 
edat by British philosophers who followed his career.” 

Black’s father—a wine merchant—was of Scottish descent, and 
he himself was bom at Bordeaux, on the banks of the Garonne, in 
France, in 1728. In 1746 Black entered Glasgow University, and 
became assistant to Cullen. Black in 1750 went to Edinburgh to 
pursue his medical studies and there carried out investigations on 
limestone and quick-lime. He took his degree of M.D. in 1754, 
presenting, as his thesis, Dissertatio de Humyre aeido a CUbo wto et 
de Magnesia. The faculty at that time were discussing the action of 
lime-water as a lithontriptic. Limestone he showed to be a mixture 
of lime and an aereal substance to which he gave the name “fixed air” 
i.e., carbonic acid. When Cullen became Professor in Edinburgh, 
Black succeeded him in Glasgow in 1759. 

“His first appointment in Glasgow was to the Professorship of Anatomy, and 
the Lectureship on Chemistry. He did not consider himself as so weU qualified to be 
useful in the former branch of medical study. .... He made arrangements with 
the Professor of Medicine, and, with the eoncurrenee of the University, the Professors 
exchanged their tasks. His lectures, therefore, on the Institutes of Medicine were his 
chief task.” (J. Eobinson, Preface, mdrc.) 

It was in Glasgow that he made his famous investigations on 
heat and latent heat. In 1766 Cullen became Professor of Medicine, 
and Black succeeded him in the Chair of Chemistry. He died in 
1799, peacefully, sitting at his frugal table, where he was found 
by his servant “ with his cup—^which contained milk diluted with water 
—on his knees, which were joined together, and kept it steady with 
his hand in the manner of a person perfectly at ease.” His discoveries 
were all made before he reached the age of thirty-four. Black 
in Glasgow had as a pupil James Watt—^who may well be called— 

“Dr. Black’s most illustrious pupfl ! for surely nothing in modem times has made 
snch an addition to the power of man as Watt did by his improvements on the steam 
engine, which he professes to owe to the instructions and information received from 
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We shall have occasion later on to refer to other work of this 
eccentric nobleman that is of interest to the physiologist, viz., an 
account of his Attempts to imitate the Effects of the Torpedo (1776). 
Most of these extracts are taken from the lAfe of Cavendish (1851, 
Cavendish Society) by one of the noblest of nature’s noblemen, viz., 
Geoi^e Wilson M.D., then Lecturer on Chemistry, Edinburgh. 

Nitrogen was discovered in 1772 by Rutherford, who found that 
the irrespirable part of air, when treated with lime, stiU leaves another 
gas. This gas we now call nitrogen, although Rutherford did not give 
it that name. Lavoisier ascertained its properties, and preferred to 
call it “ azote,” because it did not support life. Now we know this 
gas as nitrogen—so called from its connection with nitre. Azote, 
however, forms an integral part of every proteid and proteid-like 
body—of the “physical basis of life” itself. 

JOSEPH PRIESTLEY. 
1733-1804. 

BOR]^ in 1733 at Eieldhouse, near Leeds, he died in the &r-off 
Northumberland Town in Pennsylvania, on the banks of 
the Susquehannah, about 120 miles from Philadelphia. 

Strange and eventful history. A tractarian on religious subjects; 
an assistant parson in a small meeting-house in Needham Market, 
Suffolk—income £30 a year ; Unitarian mimster in a meeting¬ 
house in Nantwich in Cheshire (1758), where he kept a school, and 
taught privately, writing at this time his grammar and more tracts. 
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These are the words written by Lavoisier a few days before his 
execution. 

There was born at Paris on August 26th, 1743, one who made the 
name of Lavoisier immortal. He was educated at first for the law, but 
soon natural science attracted him, and he studied botany under 
B. de Jussieu and chemistry xmder Eouell. Like another of his 
compatriots—Cl. Bernard—and many men of science, he composed a 
drama. He was admitted to the Academy of Sciences on June 1st, 
1768 (set. 25). He mamed in 1771, and all went well untd there 
came with awful suddenness his tragic end. We pass over here his 
Connection with Le Ferme Gemeral, and all that this connection meant 
to him. How strange are the events of history ! Madame Lavoisier in 
1805 married Benjamin Thompson, better known as Count Rumford 
(died 1814), but after four years “ de luttes et de recrnnmations, ime 
separation a I’aimable eut lieu en 1809.” Madame Lavoisier herself 
died in 1836, set. 78. 

Priestley was a slave to the phlogistic theory. Lavoisier in 1775 
published his fundamental paper On the nature of the Principle which 
combines with Metals during Calcination. He found that a metal 
took up something—^in fact, gained weight—a fact which had been 
recorded by Mayow long ago. The converse was true: a metallic 
oxide, in becoming a metal, gave up something to the air. He had, 
in fact, discovered oxygen, and thus became the creator of modem 
chemistry. Priestley had prepared “ dephlogisticated air ” in 1754, 
and in 1777 Lavoisier called this air respirable air, “ vital air,” or 
“ acidifying principle ” or in its Greek form “ oxygbne.” On May 8rd, 
1777, he published his Experiments on the Respiration of Animals 
and the changes which take place in the air passing through their 
lung, and two other papers on the same subject with Seguin in 1789 
and 1790. We need not pm-sue the matter here; it is known to all. 
Lavoisier may also be said to have founded thermo-chemistry and 
calorimetry. With De Laplace in 1780, he published his famous me¬ 
moir Sur la Chaleur. Respiration was a combustion, but not of carbon 
only, for in his paper on “ changes of the air during respiration,” 
Alterations qxCiproum Hair respire (read at Soc. de MCd. in 1785 
and not at the Academy)—containing an exact determination of the 
amount of oxygen which disappears and carbon dioxide expued, he 
found that all the oxygen which disapjieared was not replaced by 
carbonic acid. We have already referred to this diminution in the 
volume of expired air, when speaking of the work of Mayow. How 
the combination of oxygen with the carbon on the one hand and the 
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hydi-ogen on the other took place was not known until Spallanzani 
experimented, and published his classical MeTtunrs on Respiration 
(1803), a work edited posthumously “ from the unpublished manu¬ 
scripts of the author” by his friend John Senebier. To the English 
translation, there is prefixed A sketch of the life and Writings of 
Spallanzani, from which I have taken certain facts. The Letter, 
conformably to the spirit of the times, is addressed to Citizen Senebier. 
Every science student of physiology should read and inwardly digest 
these classical Memou-s of Spallanzani. The plan adopted is to use 
different animals, beginning with the lowest class and proceeding to the 
highest. Spallanzani grasped the importance of the New Chemistry. 

“Different kinds of ‘worms’ enclosed in atmospheric air, with or withoutInngs, all 
alike absorbed the whole of the oxygen," and carbonic acid was produced. “ Worms” 

Here then was a mighty stride forward : oxydation does not take, 
place in the lungs, nor, indeed, in the blood. It is the tissues that 
respire, i.e. consume oxygen and give off carbonic acid. Spallanzani 
had studied profoundly what we now call “internal resphation.” 
Secondly, it is not the oxygen taken in on which the tissues live, 
and give out carbonic acid, for snails and “ worms ” give off this gas in 
an atmosphere of pure azote or hydrogen. 

IN this connection we must mention the important treatise of 
W. F. EDWARDS (bom Jamaica, 1777), On the Influence of 
Physical Agents on Life, which first appeared in a French dress, 

and was translated into English by Dr. Hodgkin and Dr. Fisher 
(1832). In this work the subject of asphyxia in batrachian reptiles,, 
fishes, and warm-blooded animals, and the influence of temperature 
and many other subjects are fully discussed. The hypothesis of 
Dutrochet, some observations on electricity, and Hodgkin’s work on 
absorption and the spleen, and that of his co-worker, Joseph J.. 
Lister, on the microscopie characters of the animal tissues and fluids 
are added in the English edition. We would have liked to add the 
portrait of THOMAS HODGKIN (1798-1866) to the list of our 
Apostles. Hodgkin’s thesis on Absorption, presented to Edinburgh 
University (1823), is particularly interesting. It contains an admirable 
historical account of the lymphatic system and the absorption from, 
the intestinal tract of colour fluids, &c. After joining the College of 
Physicians he became Curator of the Museum of Guy’s Hospital., 
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Disappointed as regards the result of an election, he transferred his 
services to St. Thomas’s Hospital (1837). He was a follower of 
Bichat, and taught the importance of changes in the tissues as a 
fundamental fector in pathology. He wrote much, and had great 
literary ability. His Essay on Medical Edmatim (1828) is well worth 
reading. His chief work is Lectures on the Anatomy of Serous and 
Mucous Membranes (1836-37), in which he shows the great value of 
morbid anatomy, a subject which in these days seems to be largely 
pushed aside by an aspiring younger and prolific sister. Be this as 
it may, Hodgkin has left his impress on pathology, and any one 
who wishes to read the record of a noble fife will find such in Sir 
Samuel Wilks’ account of Hodgkin in Guy’s Hospital Reports, XXIII. 
(1878). Hodgkin resigned practice, travelled much, and died of 
dysentery in Jaffa. As showing the influence of the teaching, or 
rather the success, of a method, let me quote his remarks on the well- 
known episode—a striking one—in the early career of Bichat at the 
H6tel-Dieu. 



regulation of clothing, of exposure to open air. of conanement within doors, and of the 
application of the various forms of baths.’ ” (S.'Wilks, Ou^a Hospital Reports, 1878.) 

Eetuming to the subject of the respiratory processes in the 
lungs and in the tissues, further progress was not possible until there 
were new methods. This came when it was possible to extract the 
gases of the blood and tissues, and to measure their respective . 
amounts and relations in arterial and venous blood and other fluids. 
Mayow knew that blood gave off gases to a vacuum (1670). 
Humphry Davy, in 1799, obtained the blood gases by heating the 
blood, but before this Priestley had obtained carbonic acid from blood 
by passing through it another gas, a method used much later by 
Bernard (18.57), only he used carbonic oxide. With the invention of 
the mercurial gas pump, and the extraction of the blood gases by 
means of it, a new chapter in modern physiology began. Gustav 
Magnus in 1837 (PoggendorfTs Ann. 40, p. 594) was thus able to 
analyse the gases of arterial blood. At once, the names of Ludwig, 
Pfluger, and their pupils, Bunsen, Lothar Meyer, Kegnault and Eeiset, 
P. Bert, L. Hermann, and many more occur to one. With this 
subject are closely linked the discoveries in the chemistry of the blood— 
its hsemoglobin and the remarkable properties of this pigment, with 
which the names of Sir George Gabriel Stokes (Pj-oc. iJoy. Soe., 1846), 
Hoppe-Seyler (1826-1895), W. Preyer (1841-1897), and many others, 
are associated. All of which is part of modem physiology, and here 
I leave the subject. 

One would like also to write the story of the coagulation of the 
blood—connected with the names of Wm. Hewson, Denis, Andrew 
Buchanan, Alex. Schmidt, &o.—but at the moment this is impossible. 
We must, however, refer to some problems in connection with the 
circulation of the blood, in the solution of which our own country¬ 
men have led the way and furnished methods not only for physiology, 
but also for all cognate sciences. 
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STEPHEN HALES. 
1677-1761. 

Medicine owes much to the sons of the Church. Stephen 
Hales was not a medical man, nor had he the advantage 
of a medical education. Bom the son of a baronet, in 

1677, at Bekesboume, in Kent, he was educated at Cambridge, and 
describes himself in his famous Statical Essays as Hector of Farringdon, 
Hampshire, and Minister of Teddington, Middlesex. In the original 
picture from which our collotype is taken, he is described as “ Clark of 
the Closet to her Royal Highness the Princess Dowager of Wales,” 
D.D., F.R.S. (set. 82). 

All through life he kept experimenting on a great variety of 
subjects. The records are most carefully kept and every detail 
entered. He worked chiefly at Teddington. He wrote an Essay 
AgainM the Use of Spirits—and was thus an advocate of temperance 
principles—and others on Freshening Sea Water, and Preserving Meat 
during long sea voyages. He invented a “ ventilator ” for purifying the 
air of ships, and thus became a pioneer in sanitary reform. He was 
an F.R.S., and the Royal Society published his Statical Essays. 

Volume one, which contains his Vegetable Staticks on the sap in 
vegetables, also a Specimen of an Attempt to Analyse the Air by a 
Great Variety of Chymico-Statical Experiments, was published 
(1726-27). 

Volume two—1733—contains Hcemastatics. This deals with the 
haemodynamics of the circulation. He was the first to determine, by 
experiment on a living animal, the exact pressure of the blood on the 
blood-vessels. Previously he had determined the pressure of the 
ascent of the sap in the vine and many other interesting phenomena. 
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very lean nor jet InstJ. Haring laid open the left cniral artery about three inches from 
her belly, I inserted into it a brass pipe whose bore was one-sixth of an inch in diameter; 
and to that, by means of another brass pipe which was fitly adapted to it, I fixed a glas^ 
tube, of nearly the same diameter, which was nine feet in length: then untying the 
ligature on the artery, the blood rose in the tube eight feet three inches perpendicular 
above the level of the left ventricle of the heart: but it did not attain to its full height 
at once; it rushed up about half way in an instant, and afterwards gradually at each 

“ When it was at its full height, it would rise and fall at and after each pulse two, 
three, or four inches; and sometimes it would faU twelve or fourteen inches, and have 
there for a time the same vibrations up and down at and after each pulse, as it had when 
it vPas at its fuU height; to which it would rise again, after forty or fi% pulses.” 
“ Hales also observed that the blood rose in the temporal artery of a sheep 6 J feet, carotid 
of dog 4-6 feet; while in the jugular vein of a horse it rises only from 13 to 21 inches, 
and in dogs i -SJ inches.” 

X. BICHAT. 
1771-1802 (xt. 31). 

The region of the Jura has given to French science many sons, and 
not the least renowned of those who have exercised a profound 
influence on its progress are Marie Francois Xavier Bichat and 

L. Pasteur. Bichat was bom at Thoirette. He studied at Mont¬ 
pellier and Lyons, but owing to the vicissitudes of war he next came 
to Paris, where he made the acquaintance of, and became assistant 
to, the famous surgeon Desault, whose works he edited (1791-93). 
Desault died suddenly in 1795. In 1797, he began to teach anatomy, 
surgery, physiology, and soon had a large audience. He also became 
physician to the H6tel-Dieu, where he made in one year over six 
hundred post-mortem examinations. A plaque in the vestibule of 
the main entrance of the New Hospital commemorates Bichat’s con¬ 
nection with this famous hospital, and a statue—the only one in the 
quadrangle of the old lEcole de M^decine in Paris, serves to attest the 
high honour in which the name and fame of Bichat are held. 

In 1800 he published his treatise on Memh-anes, and treated of 
them as : Simple—(1) Mucous, (2) Serous, (3) Fibrous. Compound— 
(1) Sero-fibrous, (2) Sero-mucous, (3) Fibro-mucous (the arachnoid 
and synovial membranes were “ accidental ”); and his still more fe.mous 
Sur la Vw et mr la Mart. His Anatomie G^erale appeared in 1801. 
He died a year afterwards, in 1802. 

From the physiological.side he spoke of functions of “animal 
life ” as distinct from those of “ organic life,” a doctrine of the Mont¬ 
pellier School, but tmdoubtedly his advocacy gave currency to these 
Hews, which were fully set forth in his treatise On Life and Death 
(1799). Perhaps Bichat owes something of his classification of tissues 
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to Ms master, the famous Pinel, who taught that disease cousisteiin 
an alteration in the tissue of an organ; and, in his turn, Pinel profited 
from the work of Bichat. His work falls in direct line with that of 
Haller. Sensibility and oontractibility play their part. How strange, 
is his definition of life—not life, but death stands in the forefront,, 
La vie est Vensemble desfonctions qui rhistent d la mart. “ Life is the 
sum total of the forces that' resist death.” His great work on Amtomg- 
and his other works seem to have obtained greater recognition Mom 
the physicians than from the anatomists. Bichat is regarded as the 
founder of General Anatomy, although he did not use a microscope. 
In his famous work, in Section VI. “ Remarks on the Organization of 
Animals,” he sets forth his doctrine of tissues;— 

words:—‘Bichat vient de mourir sur un champ de bataiile qui compte avesi. plus 
d’une victime; personne en si peu de temps n’a fait tant de choses et amssi bien;’” 
(T. J. Pettigrew.) 

The portrait here given of Bichat does not bring out the remark¬ 
able asymmetry of his head, the left side being much more prominent. 
(Cloquet, Traite d'Anatomie, I., pi. xxix.) 

THOMAS YOUNG. 
1773-1829. 

IT is from the life of Young by the Dean of Ely, George Peacock, 
D.D. (1855), that the following account is mainly taken, and the 
-collotype is, by permission of Mr. A. H. Hallam Murray, copied 

from Young’s portrait in that work. The original was painted by 
Sir Thomas Lawrence. T. Young was born of Quaker parents, at 
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Maverton in Somersetsliire, and was the eldest of ten chUdren. In 
his school days he manifested great powers of application and 
memory; even then his linguistic acquirements were something extra¬ 
ordinary : and a little later, besides the humanities, he had acquired 
a knowledge of Hebrew, Persian, and Arabic. It was his uncle. Dr. 
Broeklesby,;who directed his attention to medicine. In London, he 
joined the Windmill School, where he attended the lectures of 
Matthew Baillie, and Cruickshank those of John Hunter, perhaps, 
read by E. Home—at any rate in 1793 the year in which Hunter died. 
Later on he joined St. Bartholomew’s Hospital. In 1794 he went to 
Edinbmgh, where at that time Black—already somewhat infirm— 
Monro (II.) and Gregory were his teachers. To the town of Heine 
and Haller, to Gottingen, in 1795, where he heard the lectures of 
Blumenbach, and took his degree of M.D. At the end of his 
Dissertation, to fill up some blank pages, he gave— 
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In 1802 he was appointed Professor of Katural and Experimental 
Philosophy at the Royal Institution. It is in the syllabus of these 
lectures that there occurs the first publication of his most famous 
discovery, the law of the interference of light, “ one of the greatest 
discoveries since the time of Rewton, and which has subsequently 
changed the whole face of optical science.” Indeed, this discovery 
exerted a profound influence on the rival theories of light—undulatory 
'terms the Newtonian hypothesis. The volumes published in 1807, A 
Course of Lectures on Natural Philosophy, and The Mechanical Arts in 
Lecture XVII. “ On Timekeepers ” (Kelland’s ed., p. 146, 1845), 
contain the following passage. This marks the beginning of the 
graphic method. 







secretary of the Royal Society 1802, a post which he retained until 
his death, secretary to the Board of Longitude (1818), conductor 
of the Nautical Almanac, adviser to an Insurance Company (consult 
A formula for expressing the Decrement of Human Life, 1826). Nor 
most we forget that Young in 1827 was the successor of Volta in 
the Academic des Sciences at Paris. He died in 1829, set. 56, a 
victim to an atheromatous condition of the blood-vessels. And we 
omit mention of many of his discoveries on sound, light, &c. 

In 1808 he became a Fellow of the Royal College of Physicians, 
Physician to St. George’s Hospital 1810. In 1813 he published An 
IntrodvMion to Medical Literature, which included a Nosology. We 
pass over his “ Eriometer ” and his measurement of the size of pus cells 
and blood corpuscles. About 1815 he directed his attention to 
Hieroglyphics. “ His labours in the field of Egyptian literature are 
the greatest effort of scholarship and ingenuity of which modem 
literature can boast.” 

I am incapable of doing justice to the work of Young, in its 
bearing on physiology or medicine, but we may refer to certain 
subjects of general interest. The mechanism of accommodation of 
the eye for near and distant objects early attracted his attention, and 
he thought he had foimd that this was accomplished owing to the 
muscularity of the lens, and strangely enough John Hunter claimed 
priority of this somewhat remarkable theory. Leeuwenhoek with 
his universal inquisitiveness had seen the fibres of lens but mistaken 
their nature. It matters Uttle: Young’s idea of the change of the 
form of the lens was right, his muscularity theory wi’ong. His paper 
contains an excellent description of the position of the planes in the 
lens, and the course of the fibres he thought were muscular. Later 
he saw that the theory of accommodation which involved a change in 
the curvature of the cornea was untenable. The true theory was not 
yet. His great discovery of the law of interference evoked the 
wrath of the Edinburgh Reviewers, especially Brougham. This also 
we pass over, but their criticisms made Young unhappy. His theory 
of colour vision remained largely unnoticed until Helmholtz re¬ 
discovered it, and now this theory is known as the Young-Helmholtz 
theory of colour vision. (See Fr. Arago, Biograph. of Distinguished 
Scientific Men, 1857.) 

Thomas Young, scholar, philosopher, linguist, biographer, 
Egyptologist, reviewer, and discoverer must be regarded as one of the 
most highly gifted and enlightened men the age has produced, and we 
are proud to know that medicine claims him as one of her most 



brilliant sons, and as one whose researches in sciences ancillary to 
medicine have advanced these sciences, and contributed to the 
progress of physiology and cognate sciences. 

Sir CHARLES BELL. 
1778-1842. 

The name of Bell is very familiar in the medical history of 
Edinburgh. Bell was born in Edinburgh—“ Scotia’s darling 
seat” — where he took the diploma of the College of 

Surgeons, a.ssisted his brother John, more especially in illustrating 
his work on anatomy, for Charles was a most accomplished artist and 
draughtsman. He was surgeon to the Royal Infirmary in 1799, a 
post he held until 1806, when a dispute—which we need not refer 
to here—led him to go to London, at a time when Clive and 
Abemethy were distinguished lecturers. 

Bell joined the famous Windmill School of Medicine, in which 
the Hunters had achieved fame. 

His investigation on respiratory nerves, the effects of section of 
other nerves, paralysis of the seventh nerve, “ Bell’s paralysis,” the 
doctrine of the “muscular sense” are part and parcel of modem 
physiology. Bell was an artist both with pen and pencil. There is 
a charm about his style of writing, and his artistic powers were such, 
that had he not become a great surgeon, he had both the ability and 
the artistic sense to have become a great artist. He wrote one of the 
Bridgewater Treaties on the Power, Wisdom, and Goodness of God, 
as ManifesUd in Creation~The Band, its Mechanism and Vital 
Endowments as Erindng Design. His artistic powers also found 
expression in his Essays on the Anatmiy of Expressicm in Painting 
(1806), of which several editions have been published. 

In 1812 he was elected surgeon to Middlesex Hospital. He 
saw military surgery after Corunna (1809), and in Brussels after 
Waterloo (1815). In 1836 he was invited to accept the Chair of 
Surgery in Edinburgh University, and he returned to his native 
city. Leaving aside his work On the Hand, and others on similar 
lines, in support of the theology of Paley, and also his surgical 
works—the essay in which his name is indelibly associated with the 
nervous system was published in 1811, privately printed for 
distribution among his friends. Idea of a New Anatmiy of the Brain. 

“Sir Charles Bell fSret conceived the ingenious idea that the posterior roots of the 
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This -riew he proposed in a treatise entitled An Idea of a ^'e^c Anatomy of the Brain, 
sahmitted far the Observation of the Author^s Friends (Miiller). 

“ On laying bare the roots of the spinal nerves, I found that I could cut across the 
posterior fasciculus of nerves, which took its origin from the posterior portion of the 
spinal marrow, without convulsing the muscles of the back j but that on touching the 
anterior fasciculus with the point of a knife, the muscles of the back were immediately 
convulsed.” (See British and Foreign Qtiarterly Review, 1840.) 

“ Recently a discovery has been made which in the history of Physiologj' ranks 
second only to the discovery of the circulation of the blood ; it is that the nerves which 
arise by an anterior and a posterior root from the spinal cord derive their power of 
exciting contractions from the anterior root, and their power of sensation from the 
posterior root. This discovery is due to Bell. I have since proved that the ch*^mical 
and galvanic stimuli, applied to the posterior root, have no power of exciting 
contraction in the muscles to which the spinal nerves are distributed.” (Muller’s Physiol. 
p. 204, 2nd ed. 1840, trans. by "W. Baly.) “ Bell, with Muller and Magendie, gave the 
fundamental distinction between motor and sensory fibres, and showed that the anterior 
root of a spinal nerve was motor and the posterior sensory, which was confirmed by the 
strictest experimental evidence by Magendie in 1822.” 

FRANCOIS MAGENDIE. 
1783-1855. 

Born m the same town as Black—in Bordeaux—in 1783, 
Magendie inherited from his father a bias towards medicine. 
He early directed his attention to experimental physiology. 

His earliest work (1808), was on the functions of the soft palate. 
From 1816 he became one of the greatest experimental physiologists 
of his time. He was also physician to La SalpStriere (1826), and 
thus his researches deal not only with pure physiology, but also with 
experimental pathology and toxicology. His name stands out boldly 
amongst the Professors of the College de France, as successor to 
J. Reoamier, 1774-1856, Professor of Physiology and General Patho¬ 
logy. Along with A. Desmoulins, he published Amet.omie des Systemes 
neneux desAnimaux hVertibres, with plates, 1825—these plates might 
with advantage be consulted at the present time—and in 1842, 
Phmomines physiques de la Vie. 

He confirmed by experiment the functions of the anterior and 
posterior spinal nerve roots (1822), so that not unfrequently Bell’s law 
is spoken of as “ Bell-Magendie law.” In so doing he discovered 
the fact of “ recurrent sensibility ” in connection with the anterior root 
of a spinal nen e. The exact conditions were determined more 
exactly by Bernard in 1847. 

His Precis Slhnentaire de Physiologic (1816) to my mind repre¬ 
sents the embodiment of methodical order in the arrangement of the 
subject-matter. The doctrine of tissues, however, is still that of 
BicW. The experiments on absorption are fundamental. 



disappeared from the gut, but none was found in the lymph of the thor 

The whole subject is very fully treated in his Phmomenes 
Physiques de la Vie (1842), and here we have the precursor of the 
hypodermic method, viz., the “endermic.” A blister is first apphed 
to remove part of the epidermis, and the drug applied to the exposed 
surface (p. 35). Dame Nature had seen to the hypodermic injection 
long, long ages ago. The groove in the poison fang of a serpent, the 
embouchure of the channel under the protection of a sharp penetrative 
point, is the prototype of the modern hypodermic needle. Still further 
down in certain invertebrates this principle obtains. 

G. Valentin of Berne published in 1867 an important work on a 
similar subject. Die pUysikalisehe Untersuchung d. Gewebe. 

“ Tiedemam and Gmelin, of Heidelberg, have performed numerous experiments with 
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Sur la force du Coeur Aortique (1828); Rechernhes sur Us causes du 
Momement du Sang dans Us vdnes (1830); and in 1839 Mom. dam 
Us misseawr capillaires. It is in this quarto work, with four plates, 
that he figures and describes his luenwdynawwmeUr, which is essentially 
a mercury manometer connected with the interior of an artery by 
means of a lead tube filled with a solution of carbonate of potash. 
He watched the oscillations of the mercury in the open limb of the 
tube. Ludwig added a float, and had the genius to cause this float 
to write on a recording cylinder, and thus at one coup gave us his 
kymograph, or wave-writer, and the application of the graphic method 
to physiology. Poiseuille’s fourth work, on the flow of fluids in 
eapUlary tubes, was published in 1847. 

: Haller and Magendie had already 
it the blood’s impnlse is increased during expire- 
itraeted, and the large vessi 

and fell during inspiration. M. Poiseuille found that the rise and fall of the mercury 
is the same in arteries the distance of -which from the heart is different, and that in 

blood’s impulse by expiration is in many persons so great, that the pulse at the radial 
artery becomes imperceptible when inspiration is long continued, and the breath held. 
This is the ease -with myself, and in some measure explains the fable of persons possessing 
the power of altering the action of their hearts at will.” (Muller’s Mj/siol., I. p. 221.) 

“ Poiseuille also measured the degree of dilatation of an artery at each pulse beat. 
He laid bare the carotid of a horse for about 3 decimetres—12 inches—and inclosed this 
part of the artery in a tin box, which he ailed with water, placu^ in the upper wall of 

IN connection with the doctrine of “reflex action” we cannot 
pass over the name of MAESHALL HALL (1790-1857), who 
was born near Nottingham—studied at Edinburgh (1809- 

1812, M.D.). He began practice in Nottingham in 1817, but went 
to London in 1826, where he practised for seven-and-twenty years 
with great success. He published various papers on the circulation 
of the blood and on blood-letting. His chief work, however, is in 
connection with reflex action, Tlie Reflex Function of the Medulla 
Oblongata and Medulla Spinalis {Phil. Trans., 1833), which attracted 
the attention of J. Muller and was published in his Archir, 
His paper on the Trite Spinal Marrow and the Exdto-motor System 
of Nertes was not inserted in the Transactions. His New Memoirs 
on the Nervcms System were published in 1843. He was an 
indefatigable worker in many branches, and his name still remains 
associated with the “MarshaU HaU method” of restoring suspended 
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many reasons, not the least of these being that Manchester was the 
first town in the provinces to found a thoroughly organized and fully 
equipped Medical School (1825)—-then called the Pine Street School 
of Medicine—the school founded by the late Mr. Thomas Turner 
(1793-1873), in which Dalton taught Pharmaceutical Chemistry 
(1825). 

J. E. PURKINJE. 
1787-1869. 

He began life as a teacher, but, before doing so, took Orders. 
The writings of Fichte influenced him much, and he decided 
to follow medicine. He studied medicine in Prague from 

1813, and in 1S19 he became Prosector. His earliest work was 
entitled Beitruge z. Kenntnm der Selien in mbjedAxer Hinskht 
(Prag 1819). The work, dealing with subjective ocular phenomena, 
brought him the acquaintance, friendship, and support of Goethe, 
the result being that he obtained the Chair of Physiology and 
Pathology in Breslau, a Prussian University, in 1823, where he 
laboured for six-and-twenty years—founding what was, perhaps, 
the first physiological institute in Europe—until his return, in 18.50, 
to Prague, as Professor of Physiology. 

He was amongst the first to give methodical instruction in the 
use of the microscope for the investigation of the structure of tissues. 
“ The Institute in Breslau was the cradle of Histology.” Although 
he had a preference for the study of optical phenomena, and 
published Beohachtungen u. Verswhe d. Bhysiohgie d. Sinne (Berlin, 
2 vols., 1823-26), he has left his mark on many other departments 
of physiology and histology—“ Purkinje’s cells " of the cerebellum ; 
“ Purkinje’s fibres ” of the heart. He made many researches on 
“development.” In 1835, with Valentin, he published his famous 
article on ciliary motion. In 1837, two years before Schwann, he 
made investigations on the glands of the stomach and on gastric 
digestion. 

His histological works deal with the skin, bone, nerve plexuses, 
axis cylinder, ganglion cells, compressorium, double knife for sections, 
chromate of potash, glacial acetic acid, heart fibres, muscular fibres, 
&c. An account of his scientific as well as his literary works will 
be found in the AlmanaeJi d. k. Akad. d. Wiss. (Wien 1870), and the 
story of his later years in the Bi/e of J. N. Czermak, by Anton Springer. 
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K. E. VON BAER. 
1793-1876. 

WE have already mentioned how intimately the story of 
development and embryology is interwoven with that of 
advances in the healing art. Fabrioius, Malpighi, Harvey, 

De Graaf, Haller, and many others were liberal contributors. 
Professor Oscar Hertwig, Director of the Biological Institute in 
Berlin, in the first part of his Handbueh d. Vergl. u. exp. Entwwhel- 
nngslehre d. Wirlelthiere (1901), tells the story of this subject and 
gives a prominent place to Von Baer. Von Baer was bom in 
Esthonia, he studied at the newly founded University of Dorpat (1810) 
—even the name Dorpat has disappeared, to-day it is Juijev—and 
became Prosector in Kbnigsberg under E. BUEDACH (1801-1876). 

In 1834 he accepted a “ call ” to St. Petersburg, where he 
laboured for thirty years “ at once the joy and the pride—the soul of 
the Academy.” In his later years he devoted himself largely to 
anthropology. We have spoken of De Graafs work. It was not, 
however, until 1827, that it was shown by Von Baer that the Graafian 
follicle was not the real objective in the ovary, but that a much 
smaller body, the ovum, was the essential unit. 

E. H. WEBER. 

The lineal pedigree of physiology in Leipzig is from Ernst 
Heinrich Weber through Carl Ludwig to Ewald Hering. Nor 
must we forget the School of Psychology, which must ever be 

associated with the names of GUSTAV THEODOE FEOHNEEand 
WILHELM WUNDT and LOTZE (of Halle). WEBEE was bom in 
Wittenberg, and graduated there. He went to Leipzig in 1817, 
where he became Professor of Anatomy and Physiology in 1821. 
These then joint offices he held until 1866, when a new Chair of 
Physiology was created for C. Ludwig. Weber retained the Chair of 
Anatomy until 1871, when he was succeeded by W. His, and, 
conjointly with His, by his son-in-law W. Brauue. The work of 
E. H. Weber marks an epoch not only in physiology, but also in 
psychology. Apart from his contributions to anatomy,—his contri¬ 
butions to the physiology of movement, and above all arrest of 
movement, represented by the term “inhibition,” stand out as a 
landmark in the progress of human thought. 



His Wellenlehre, published in 1825 jointly with his brother 
Eduard, is a classic both in physics and physiology. It has been 
republished in Ostwald’s collection Klassiher, etc., by Von Frey (1889). 

It was asserted by Bichat that the pulse is synchronous in all 
the arteries. Weber showed that this is not so, but that according 
to the distance from the heart there is a pulse delay of one-sixth 
to one-seventh of a second. Weber showed the true nature of the 
pulse wave as “the effect of the oscillation propagated along the 
coats of the arteries, and in the blood itself, in consequence of 
the pressure exerted upon the column of blood in the aoi-ta by the 
heart in its contraction.” From the pulse delay he calculated the 
velocity of propagation of the wave. 

The velocity of the pulse wave was first measured directly by 
E. H. Weber, although in 1734 Weitbrecht of St. Petersburg had 
observed that the carotid precedes the radial pulse. Weber, by 
means of a watch that beat one-third seconds, found that the pulse 
in the anterior tibial artery was one-sixth to one-seventh of a second 
later than that in the maxillary. The distance between these two 
he took as 1-32 metres, and this gave a velocity for the pulse wave 
of 7'92 to 9'24 metres per second. 

The year 1839 is a famous one in the history of physiology, 
for in March of that year Schwann published his famous Untersuchmigen 
and Schleiden his Beitrage zur Phytogenesis. The latter occurs in 
the Muller’s Archie for this year, and in this same volume of the 
Archie is Weber’s classical paper On the Moeemmt of Lymph 
Corpuscles in Arteries and the eeloeity of llood in the capillaries. 
Poiseuille before this time had described the space in the small 
arteries that bears his name. Weber and his brother studied the 
slow rollii^ movements “of the particles, which had the form of 
lymph corpuscles,” and discusses the peculiarities of the rate and 
character of their movement. At the end of this communication 
he describes how in 1837 with his brother Eduard, then prosector 
in Leipzig, he studied the capillary circulation in a tadpole, “ where 
the circulation is so slow that one can see the corpuscles moving, 
and compare their velocity with that of the lymph corpuscles at the 
walls of the vessel.” Magnifying the parts 100 times he found the 
velocity to be \ P. Lin. per second, “ a velocity so slow that if the 
corpuscles were large enough to be visible, one could scarcely de¬ 
tect the movement with the unaided eye.” Perhaps some who have 
looked at the circulation in the web of a frog’s foot have hardly 
realized this feet—1 inch in 48 seconds for the red, and 1 inch in 
10 minutes for the lymph corpuscles. He imitated the velocity by 
mixing two drops of urine with a drop of blood, and observed by 
means of the microscope the rate of mixture. The movement was 
so slow as not to be visible to the naked eye. 
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At Jfaples, in 1845, at the Congi-ess of Italian scientists, 
E. H. Weber communicated the results obtained by himself and his 
brother Eduard by applying tetanizing induction shocks to the 
peripheral end of the vagus. Having regard to the fundamental 
importance of this experiment on “ inhibition,” I shall refer 
somewhat fully to this matter. I have not seen the original com¬ 
munication. It is published in an Italian journal (Omodei, Annali 
di Medicina). The following condensed account is based on the 
Article, Muskelhewegung, in Wagner’s Handworterh. d. Physwlcgie, 
Vol. III., pt. 2, p. 42, 1846. 

“ My brother and I found that stimulation of the nxrvi <cagi, or of the parts of the 
brain from which they arise, causes slowing in the temjM of the rhythmical beats of the 
heart, or even causes the heart to stand still. This is the first experimental proof that 
the brain acts on the heart, that this action is due to the action of a nerve, which up to 
this time was not known to be connected with the action of the heart; that a nerve 

inhibits—a movement, is an altogether new and unexpected fact,” “We used a magneto¬ 
electric apparatus. One pole was placed on the nose of a frog, the other on a cross 

two, the heart ceased to beat, and remained quiescent for a few seconds after cessation 
of the stimuli. The heart began to beat first at one point, and feebly, and then finally 
resumed its normal beat. During the period of standstill of the heart, it was not 
contracted, but in diastole. It was flattened, soft, and gradually filled with blood. 
To ascertain which part of the central nervous system exerted this effect, the cord 
was divided at the occiput, and again stimulated, and with lihe same result, the 
poles being applied directly to the divided bulb. Another experiment showed that 
this inhibitory effect was obtained by applying the poles of the magneto-rotatory 
apparatus to any part, from the corpora qvMrigemina to the calamus scriptorium. 
We found that the vagi were the channels of communication, and the action of both 
va^ was regarded as necessary to arrest the heart’s action.” [We know this is 
inaccurate, for shortly afterwards Budge (1846), M. Sehiff (1849), and Ludwig and 
Hoffa (1849) arrested the heart’s beat on stimulating one vagus in the frog, rabbit, and 
dog. The Webers obtained similar results in warm-blooded animals.] 

We need not pursue this aspect of the question further here, 
but before the full significance of the action of vagus in the heart 
could be studied much had to happen. 

By the introduction of the graphic method, in 1847, by Ludwig, 
two years after this discovery of the Webers, it became possible 

to record the effects of a make and break shock of a galvanic current. 
To get the fuU vagus effect raind shocks were required. Indeed, 
Volkmann, in 1838, had used a rapidly interrupted galvanic current, 
but his results were unheeded. 

TT was M. FAEADAY’S discovery of induced electricity that 
A made the application of rapidly repeated induction shock 

possible. This came effectively through the convenient and 
now universaUy employed iuductorium of Du Boia-Ueymond. 
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sound and of a just size, the right was about four times as big, distended like a blown 
bladder, and yielding as if full of pap j he having often passed a wheyish liquor after his 
urine, during his illness. Upon opening this kidney, we found it quite full of a white 
chalky matter, like plaster of Paris, and all the fleshy substance dissolved and worn away, 
by what I called a nephritick cancer. This had been the source of all his misery j and 

starved and worn him down. I have narrated the facts, as I saw and observed them 
deliberately and distinctly, and shall leave to the philosophic reader to make what 
inferences he thinks fit; the truth of the material circumstances I will warrant.” 

But perhaps his investigations on the senses ai-e those best known. 
Rudolph Wagner’s HaTidworterbueh der Physiologic (1842-53) contains 
essays fi-om the pen of the then most renowned physiologists. It 
was the successor of Todd’s Cydopmdia of Anatomy and Physiology 
(1836-59). His collected works were published in 1851. There will 
be found his important observation on glands. In the Handworterhmh 
one finds Weber’s classical contributions to Tastsinn und GemeinyefdKl 
or Touch and Common Sensation, Vol. III., 2. 481 (1846). 
Psychology w'as, largely through his investigations and those of the 
Leipzig School, put upon a physiological basis. “ Weber’s law ” and 
“ Fechner’s law ” are significant of the important part played by the 
direct estimation of physiological facts in their bearing on psycho¬ 
logical phenomena; they indicate where physiology and psychology 
touch, over-lap, and in fact integrate. 

Ed. FR. WEBER, of Halle, a younger brother (1806-1871), 
wrote the article Muskelbeivegung in Wagner’s Dicticmary, 
and jointly with a still more famous brother, Wilhelm, 

Mechanik d. rtiensch. Oeh- Werkzeuge (Gottingen 1836), which includes 
an analysis of locomotion and intricate studies on the mechairism of 
joints. It is afar stride from the Webers to Professors E. J. Marey 
and J. Chauveau, both of Paris, still happily amongst us. It was just 
this question of the study of the pulse that led up to Marey’s method of 
transmission of movement in air. The study of the pulse could only 
be taken up scientifically after Weber had developed his doctrine 
(1850) of the theor}" of waves in elastic tubes, and after KARL V ON 
VIERORDT (1818-1884) had invented his sphygmograph, albeit a 
heavy equipoised system of levers with a button resting on the radial 
artery. (Die Lehre ®. Anerimpuls, &c., 1856.) Settling first as a 
physician in Karlsruhe, Vierordt’s works on carbonic acid, in 
respiration, and his . article Respiration iu'Wsigaei’s. HandwoHerbmh 
(1846) brought him the Chair of Physiology in Tubingen. He was 
one of the earliest to enumerate the blood corpuscles, he founded 
sphygmography, used largely spectroscopic analysis for physiological 
purposes, and in all published over one hundred memoirs. 



J- E. MAKEY (b. Beaune, C6te-d’0r, 1830) in 1860 published an 
•- account of the sphygmograph that bears his name. I need 
1 not dwell on his method of air transmission, tambours, and all 

that he and Chauveau have done for the advancement of physiology, 
and above aU for the graphic method. England gave the impulse, 
Ludwig wrote the blood pressure in terms of miUimeffes of mercury, 
the transmission of movements was in the air, and Marey made the air 
subservient to the transmission of movement. 

V V it may be not uninteresting to give a picture of the famous 
Jesuit ATHANASIUS KIRCHEE, (1602-1680), who was 

bom near Eisnach, joined the order of the Jesuits, was Professor in 
Wurzburg in 1631, where he published his Ars Magnesia, dealing 

with “ Magnetismus.” He soon left Wilrzburg, and ultimately, through 
the influence of Cardinal Berberini, he was for some years teacher of 
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mathematics in the “ Colleginm Romauum ” in Rome. In his later years 
he greatly added to the collection that still bears his name, “ Museum 
Kircherianum,” in Rome. Classical scholar, Egyptologist, astrologist, 

mathematician, &c., his name remains also associated with the “ experi- 
mentum mirabile ” on a fo\pl—the .early experiment on hypnotism. 
The portrait is taken from his remarkable work, Mundus Svhterrmem 
(1665), and the experiment from his Physiol. Kirdieriana (1680). I 
need only refer to the recent work on this subject by my friend 
Professor M. Verworn, of Gottingen. 

JOHANNES MULLER. 
1801-1858. 

ONE of the greatest Biologists of the last or any century was bom 
the son of a shoemaker at Coblenz, one year before Sharpey, 
and just one after the death of Bichat. His early academic 

days were spent at Bonn (1819), where the study of theology, as is 
not unfrequently the ease, led him to medicine. As showing his 
physiological bias his first essay—which gained a prize—Respiration 
of the Foetus, was published in 1823. Muller went to Berlin to 
pass his examination, and, while there, came under the influence 
of Rudolphi. Muller himself says of Rudolphi, “Er hat meine 
Neigung zur Anatomie mitbegrundet, und fur immer entsohieden.” 
In 1824 he returned to Bonn, became a Prixatdoeent, Professor in 
1826. In 1833 he was called to Berlin as Director of the Anatomical 
School and Museum. He died suddenly in 1858. 

He taught anatomy, human and comparative, pathology. 
Physiology, and comparative anatomy, however, were his beloved 
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objects of study. The first half of his scientific career he dealt chiefly 
with physiological problems, and in the latter half with those of 
comparative anatomy. He added enormously to his great Museum of 
Human and Comparative Anatomy in Berlin. 

Regarding the minute structure of glands, his monograph De 
Gland, secern. Sti-ucturd penitiori (Lip. 1830) marks an epoch. He 
supported the view of E. H. Weber that the gland acini are the direct 
continuation of the ducts, and he showed the exact relation of the 
capillaries to the acini themselves. As we have already stated, the 
first researches were those of Malpighi published in 1660' Ruysoh 
attributed great importance to the blood vessels of the acini, and 
Haller endorsed his view. Mascagni and Cruickshank had shown that 
the secreting canals in the mammary gland commenced in cells, and 
E. H. Weber had shown that the same was the case in salivary glands 
and pancreas of birds. Muller’s monograph ranges over all the glands, 
and deals with those both of vertebrate and invertebrate animals. He 
shows how the acini are closed save where they open into a duet, 
and how the blood-vessels ramify outside the membrane of the acini. 
An abridgment of this work was published in 1839, The IriUmate 
Structure 0/ Secreting-glands, by Samuel Solly. On plate iii.. Fig. 8, 
we have one of the solitary follicles, from the mucous membrane of 
the rectum represented as containing a cavity opening by a constricted 
orifice. In embryology his name is associated with the “ Mullerian 
duct.” “ Richard Owen and Muller must be regarded as the founders 
of modern comparative anatomy, which largely depends on the study 
of embryology, and on the investigation of simpler forms.” His chief 
work in this respect, Vergleichende AnaUmie d. Myicitioidm, is and 
must remain a classic. While in Bonn he discovered and wrote upon 
certain of the lymph hearts in the frog and tortoise : On the existence 
of four distmct Hearts, liamng regular pulsattom, connected with the 
Lymphatic, System in certain Amphibious Animals. {Phil. Trans., 
1833.) It was Marshall Hall’s Essay on Circulation of the Blood, 
1831, which led Muller to discover the lymph hearts in 1832. 

As regards his influence on physiological doctrine, he is the 
representative of “ Vitalismus.” There was a certain mystic element 
in Muller’s nature, and he wrote a remarkable work on apparitions, 
Phantastische Geskhts Erscheinungen (Coblenz 1826). While in Bonn 
he used the frog to test the truth of Bell’s law. 



roots on the right side, the left extremity will be deprived of sensation, the right' of 
motion ” {Physidogy, pp. 692-694.) 

He liad a clear conception of reflex action, studied the problems of 
consensual movement and excentric sensation, formulated the law of 
“ specific energies ” for the sense organs, made fundamental observa¬ 
tions on the production of voice, and conduction of sound in the 
tympanum. 

With Purkinje he was amongst the first to apply the microscope 
to the study of animal tissues, and helped his pupils to build up 
modern histologjt He recognised the resemblance between the cells 
of the chorda dorsalis and those of plants. He gave careful descrip¬ 
tions of the structure of cartilage cells, recognising their nucleus, and 
was tne first to prepare ehondrin. He grouped the cellular tissues 
with others to form the “ Bindegewebe ” or connective tissues. He 
made experiments on blood coagulation, resuscitated the experiments 
and observations of Wm. Hewson, and helped Schwann to his 
discoveries on digestion. 

His work. Elements of Physiology, so far as it goes, is still 
unsurpassed, and contains a mine of information. At the suggestion 
of Dr. George Burrows, it was translated by Dr. Wm. Baly, 1st ed., 
1837, 2nd ed., 1840. 

As showing the titanic might of his genius and industry,-in 
twenty-five years he published over two hundred papers, besides 
doing all his other work. Amongst his pupils may be mentioned 
Schwann, Henle, Briicke, Du Bois-Eeymond, Virchow, Helmholtz, 
ClaparMe, Keichert, Lieberkuhn, E. Eemak, &c. 

THEODOR SCHWANN. 
1810-1882. 

Although Schwann spent the greater part of his life in 
Belgium, his work was done in Berlin, when Johannes Muller 
was Professor and J. Henle Prosector. The fifth child 

amongst thirteen, Schwann was bom at Neuss near Dusseldorff. 
Cologne is associated with his early days, when he attended the 
College of the Jesuits ; and in Cologne he died. The religious, the 
theological factor, was a powerful and dominant one in Schwann. He 
entered the University of Bonn in 1829, where he had the good fortune 
to become a pupil of Johannes Midler. “This event fixed his 
destiny.” He determined to study medicine. While there he witnessed 
Muller’s experiments on the spinal nerve roots of the frog. After 



{ 9" ) 

leaving Bonn, he passed three terms at WiU’zburg, and then went to 
Berlin for his examinations (1834), where he found Miiller, who had 
become Professor of Anatomy and Physiology, as successor to 
Kudolphi, and Henie as his assistant. 

“I can picture him as a man under middle height, beardless, with an almost 

and living in a small dingy back room on the second floor of a not-quite second class 
restaurant (comer of Friedrich- und Mohrenstrasse). There he remained sometimes for 
daj^, surrounded by a few books, and innumerable glass bulbs, tubes, and much primitive 
apparatus made by himself. Or I transport myself in imagination to the dark, sombre 
room euphemistically called an Anatomical Institute, situated behind the ‘ Gamison- 
kirehe,'where we worked till nightfall alongside our excellent Johannes Miiller.^ In 

“ These were the happy days, which the present generation may well envy us, happy 
days when one had the first good microscopes from the workshop of Pliissl in Vienna^ or 
Pistor and Sehiek in Berlin, which we paid for by our small savings; these the days 
when it was possible to make discoveries of the first order by scratching an animal 

or with the belly of a scalpel. Schwa 

This is the account given by J. HENLE (1809-1885) in 
Arehivf. mik. Anat., XXIX., 1882. 

From 1834 he was Prosector in the Anatomical Museum at the 
magnificent salary of ten thalers—thirty shillings—a month. In 
1839 he accepted a call to the Catholic University of Louvain, where 
he remained until 1848, when he was invited to Liege, where he was 
at first Professor of General and Special Anatomy, and, after ten 
years. Professor of Physiology. 

About 1837 Muller was engaged in writing the part of his 
Handbook dealing with physiology of muscle and nerve. According 
to Henie, Schwann’s view is that a muscle fibre {MtiskelMndeV) is made 
up of parallel fibrillse, and tliat the transversely striated appearance 
is the expression of a similar striation of the fibrils. He was the 
first to find striped muscles in the upper half of the tesophagus, and in 
the so-called erectile appendages of the turkey (Henie). As to 
nerve, who does not know the sheaths of the axis cylinder that bear 
bis name 1 In this connection we must not forget the work of 
Purkinje and Eemak. 

The question of spontaneous generation takes one back to the 
time of Eedi and Spallanzani, to Needham and Buffon, and to 
Ehrenberg. Ehrenberg from 1830 combated the idea of spontaneous 
generation of infusoria. About the same time F. Sehultze 
(Poggendorffs Annalen, 1836) and Schwann (1837) attacked this 



question, more especially as regards the part played by oxygen in 
the process. They showed that a fluid did not undergo putrefaction 
if the air admitted to it was passed through bulbs containing 
potash and sulphuric acid, or heated. 

Next Schwann took up the question of vinous fermentation, and, 
on investigating yeast with the microscope, rediscovered the yeast 
plant simultaneously with Cagniard Latour. Leeuwenhoek had 
already seen yeast plants, but had mistaken them for crystals. 
Schwann devised a simple yet striking experiment to show the direct 
action of the yeast on a solution of sugar by splitting it up into 
carbonic acid and alcohol. In a long tube he placed a solution of 
sugar faintly tinged blue with litmus, and to this he added very little 
yeast, so that the cells had time to subside. The red colouration 
of the litmus due to the liberation of the carbonic acid always began 
to appear at the bottom of the tube. 

In his inaue-ural dissertation he showed the necessity of air for 
the development of the chick in ow, and in his disputation we find 
“ Infusoria non oriuntur generatione sequivoca,” showing that his 
mind had been directed to this subject. 

His researches on artificial gastric digestion, an extension of 
those of Spallanzani, and Eberle of Wurzburg (1834), and Purkinje 
(1837), made it evident that the digestive principle was not to be 
sought for in the mucus, but in some other as yet unknown body— 
a body which he called pepsin. He had discovered an impure form 
of one member of the inorganic ferments now known as enzymes, 
to use the word coined by W. KtJHNE (1837-1900). We have 
purposely omitted references to biliary and gastric fistulm, to 
Beaumont’s work, derived from a study of the case of Alexis 
St. Martin, and much else bearing on this subject. 

As to the nature of this body, Muller and Schwann regarded it 
as a ferment. At this time Mitscherlich explained fermentation as 
due to “ contact.” Schwann showed that acidity was necessary to 
the ac-tion of pepsin, and in his researches compared fermentation 
and digestion, distinguishing them from putrefaction. 

Here we come across LIEBIG (1808-1873) as an opponent of 
Schwann’s doctrine; for, according to Liebig, fermentation was not 
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“ It is not to be imagined, however, that the whole o£ the credit is doe to Schwann. 
Much had been done before his time by the English botanist, R. Brown, who discovered 
the nucleus in vegetable cells, in 1831; by ScUeiden; by G. Valentin, who dis¬ 
covered the nucleolus in 1836; Henle, Purkinje, and many others, but the sofl was 
ready, and Sdiwann grasped the situation at the psychological moment. His theory 
as to the origin of cells from a ‘blastema’ was, however, nothing more than an 
ingenious, but utterly fallacious speculation. This doctrine of Schwann’s was absolutely 
denied by Virchow, who paraphrasing the original statement of Redi and Harvey, 

emsting ceU. .41ter 1840 a period of great activity set in7marked by the wor7^ 
Martin Barry, R. Remak, J. Goodsir, Haegeli, Max Schultze, L. Beale, Leydig, Kolliker, 
and many others upon the structure and mode of development of the cell Schwann 
like Bernard, did his great work early in his career.” 

Twenty years later it was reserved for the now venerable 
E. VIECHOW, who celebrated his eightieth birthday on 12th October 
last, to apply the doctrine to the 

English readers as Microscopwal Researches into the Accordance in the 
Structure and Growth of Animals and Plants, by Th. Schwann, trans. 
by H. Smith, F.E.C.S. (Sydenham Soc., 1847). 

M. J. SCHLEIDEN. 
1804—1881. 

The names of Schleiden and Schwann are linked together in 
connection with the cell-theory. The former was bom at 
Hamburg in 1804, studied at Heidelberg from 1824 to 1827, 

when he graduated as Doctor of Laws. In 1833, he studied medicine 
in Gottingen, and then went to Berlin and, under his uncle Horkel, 
applied himself to natural science, but especially to botany. In 1839 
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he was Extraordinaiy Professor of Botany in Jena, where he pub¬ 
lished his Phytot-omy. Eeturning to Dresden in 1862, he in 1863 
accepted the Chair of Vegetable Chemistry and Anthropology in 
Dorpat, but this he soon resigned and returned to Dresden, and died 
in 1881. His chief works are, Gruttdzii/je der wmemchaftlklm 
Botanik, 1842-43, and Die Pflanze mid ihr Leben. 

MAX SCHULTZE. 
1825-1874. 

BOEN in Freiburg in Breisgau, his early days were passed 
in Greifswald, but the star of Muller in Berlin was then 
attracting the younger Biologists in 1846-47. He diligently 

studied chemistry with a view to its application to histological 
problems, and later, in Greifswald, zoological problems attracted his 
attention ; and, indeed, it was his researches on the rhizopods, which 
led to his modifications in the cell theory. It was evident that the 
presence of a cell membrane was not necessary to the conception of a 
cell. 

He became Professor in Halle in 18.54, where, under most 
unfavourable circumstances, he published papers on the development 
of petromyzon, on electrical organs, and a whole series on the 
termination of nerves in the sense organs, and soon he became one 
of the best known of the younger investigators. When Helmholtz 
went to Heidelberg in 1859, Schultze took up anatomy in Bonn. 
Here he published many important papers on the retina and cognate 
subjects. In 1861 his important work, Ueber Miiskelkorperchen, uiid 
das was man eine Zelle zu nennen liabe, was published. He and 
Brileke independently established the doctrine of cells as elementary 
organisms. The practical identity of the protoplasm of rhizopods 
with that of vegetables led him to study the movements of 
protoplasm—a term first used by H. von Mohl—and, in so doing, 
he observed the leucocytes with special precautions, being the first 
to use a hot stage for this purpose (1863). His controversy with 
Eeichert regarding the cell indirectly led to the foundation of his 
Archiv f. mikroskopisclie Anatomic in 1865, and the first paper 
therein is his description of a “hot stage for the investigation of 
the blood.” Dilute chromic acid, iodized serum, osmic acid were 
introduced into histological technique through him. Just when he 
had completed the construction of the new Anatomical Institute in 
Bonn he died suddenly from a perforating ulcer of the duodenum. 

. “ Die Uhr stand still, der Zeiger fiel, es war vollbracht.” 
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CLAUDE BERNARD. 
1813-1877. 

BEENAED was bom in the district of St. Juhen (EhOne), and 
Mareyin that of Beaune. Bernard’s earlier days were spent 
in Lyons, where he was assistant to a pharmacist. At first he 

thought of the drama, and, indeed, wrote a vaudeville. La Rose du 
Rh6ne, and, later, Arthur de Bretagne (published 1886). He went 
to Paris and began to study medicine, helpii^ to keep himself 
by giving private tuition. After passing his examination he became 
“ interne ” or House Physician to Magendie at the H6tel-Dieu, and in 

1841 Pr^aratear to Magendie in the College de France. At that 
time Johannes Muller was the leader of physiological thought in 
Germany, E. H. Weber was making: many experiments by applying 
the laws of physics to physiological phenomena, Henle, Eemak, and 
others were dealing with microscopical problems, Schwann had 
pubUshed his cell theory and his discoveries in gastric digestion, 
Magendie his work on physical phenomena, Tiedemann and Gmelin 
their work on absorption. All these works had a more or less 
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physical trend. Marshall Hall was following up the work of 
Ch. Bell on reflexes. Wm. Bowman published his paper on 
striped muscle in 1840 and his work on the kidney in 1842. But 
that great quartette—Helmholtz, Ludwig, Du Bois-Keymond, and 
E. Briicke—had not begun their life-work. 

In his thesis for the M.D., On Hie Gastric Juice and its rdle in 
digestion, we find the germ of one of his great discoveries. He found 
that cane sugar injected into the blood-vessels is excreted in the 
mine, but that this is not the case if it is previously acted on by the 
gastric juice. The next fertile discovery was made when, along with 
Barreswill, he was experimenting on digestion in graminivorous and 
carnivorous animals. In the dog, after a full meal, the lacteals were 
white immediately below the entrance of the bile duct and the 
pancreatic duct, which opens along with it. In the rabbit no chyle 
was seen save in the lacteals below the entrance of the pancreatic 
duct. In the rabbit the main pancreatic duct opens apart about 
30 cm. below the pyloi-us. This led to his investigations on the 
pancreas {Legom de Physiol. Exper., 1855). It should be noted that 
this is not invariably the case. Bernard’s work on the pancreas was 
begun before 1848, but it was not until 1856 that the full work 
appeared as a supplement to the Comptes Rendus—a memoir 
subsequently published (4to), to which in 1850 the Acaddmie des 
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Sciences awarded the prize for Experimental Physiology. As already 
recorded, when writing of De Graaf (1662), it may be said that Bernard 
took up the stoiy in the direct line. I have reproduced from this memoir 
two figures—the one fi-om a dog, and the other from a rabbit. In the 
original of the dog Bernard gives two coloured figures showing the 
pancreas during digestion and at rest in the living auiTnal He also 
figures the “granules” of the pancreas that bear his uaTnr and also 
the glands of Brunner. 

Bernard’s work is associated with three great problems— 
pancreatic secretion, glycogen, and vaso-motor nerves. His discovery 
of glycogen was not obtained by a frontal attack, he was led to it 
indirectly. At this time the combined results of histological and 
chemical investigation tended to show more and more the importance 
of the cell. Liebig and Wohler were the heads of the German, and 
Jean Baptiste Dumas of the French school. In fact Dumas talked 
of the “balance of organic natiue.” There was supposed to be a 
complete contrast between animal and vegetable organisms. Indeed, 
the possibility of the actual formation of fat, or sugar or starch, was 
scarcely credited. Magendie knew that minute traces of sugar 
occurred in the blood, and it was supposed that this sugar came from 
the food. In 1848, Bernard, when studying the absorption of sugar 
from the intestine, thought that it might have some other source. 
With his friend Barreswill—the latter gives his name to a fluid test 
for grape sugar nearly identical with Fehling’s solution—he found 
that the hepatic vein contained more sugar than the portal vein. 
Moreover, if an animal be fed on food containing neither starch nor 
sugar, or if it be starved, sugar is still found in the hepatic vein. 
The liver therefore, besides forming bile, makes sugar, which it pom« 
into the blood. At one blow the artificial distinction between the 
animal and vegetable kingdoms was swept away. Of course such ■ a 
complete reversal of established dogma was not accepted without 
much controversy. Bernard washed out the blood-vessels of an excised 
liver with water, until the washings gave no trace of sugar. On 
exposing the liver for a few hours to its normal temperature, washing 
out its vessels again, there was an abundance of sugar. There was no 
denying the fact that animal cells did produce sugar. The next thmg 
was to isolate the substance from the Uver. Bernard isolated glycogen 
by the potash-alcohol process in 1857. This substance was also 
isolated by Hensen. He sought to find out under what conditions 
glycogen is formed, and soon he showed the analogy between 
conversion of glycogen into glucose and of starch into sugai- in potato, 
bulb of hyacinth, &c. He spoke of this conversion as “ germination 
animale.” These views led him to study animal heat, its sources and 
distribution. He saw that the amount of heat is a measure of the 
chemical activity of cells. Whilst searching for the influence of 
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nerves on glands, it occurred to him that the vagus might be concerned 
in the secretion of glycogen in liver cells. He had previously found 
that section of one of the peduncles of the cerebellum was followed by 
the appearance of sugar in the urine. On puncturing the floor of the 
fourth ventricle so as to injure the origin of the vagus, he produced 
artificial glycosuria, or, as it is sometimes called, experimental diabetes 
(1849). Later he discovered that this effect was not brought about 
through the action of the vagus, but by another channel. These 
experiments also upset the old view, one organ one fnnction. The 
liver clearly was now restored to its high estate—the obsequies of 
Bartholinus were premature—the liver formed an “ internal secretion,” 
which it poured into the blood, and not into a duct. His successor 
in the CoUege de France, BEOWN-S^QUAED (1818-1894), by his 
researches on the supra-renal and other glands, added much to our 
knowledge of this subject. 

The glycogenic function of cells was soon extended to muscle, 
placenta, and all embryonic tissues, and in this matter Bernard had the 
advantage of the skill of WH^LY KHHNE (1837-1900), who was then 
working in Bernard’s laboratory—Kiihne, the genial and learned 
Professor of Physiology in Heidelberg, whose loss only two years ago 
we had to deplore. Kiihne’s own work on muscle, nerves, pancreatic 
and gastric digestion, and enzymes, and his histological contribu¬ 
tions mark him out as a worthy pupil of the schools of Berlin and 

Bernard’s other great discovery is in relation to vaso-motor 
nerves, in 1851. Hunter knew that arteries were contractile. Bichat 
and Magendie refused to admit this. JDupuy, of Alfort, made experi¬ 
ments on the action of the nervous system on blood-vessels (1816). 
Purfour du Petit, in 1727, divided the cervical sympathetic nerve 
in the dog, and found redness of the conjunctiva (“the intercostal 
furnishes spirits to the eyes, to the glands and vessels of these 
parts”). Cruickshank, Bracket (1837), John Eeid (1838), and others 
made similar experiments. Henle, in 1840, showed that the so- 
called muscular coat was composed of smooth or organic muscular 
fibres; Stillii^ was the first to use the term “ vaso-motor.” Henle 
and Stilling were led to surmise the relation of these nerves to 
the circular muscular coat and their action on blood-vessels. But 
Bernard’s experiments and his new researches on the cervical sympa¬ 
thetic were the first experimental proof of the action of these nerves. 
His attention was strongly directed to the heat effects, and, later, 
he speaks of “ calorific nerves,” and even of “ frigorifie nerves.” 

In 1852 Brown-S4qnard, in America (Phil. Med. Examiner), 
observed that section of the sympathetic was followed by di-la tutinn of 
vessels and rise of temperature of the corresponding side of the head, 
while electrification of the upper end of the nerve caused constriction 
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of the vessels and fall of temperature. Bernard also, in 1852, arrived 
at the same result. The observations of the earlier experimenters 
referred more to the state of the pupil than to that of the blood¬ 
vessels. A. WaUer, in 1853, traced the nerves to his ciho-spinal 
region of the cord. Bernard clung tenaciously to his first idea of the 
effect of the sympathetic nerves on temperature. 

In 1858, while trying to discover the condition of the blood 
escaping from glands during rest and activity, by experimenting on 
the chorda tympani he found that the blood-vessels were dilated and 
that the blood flowed out red from the sub-maxillary gland. On 
stimulatiig the sympathetic the blood was scanty and dark-coloured. 
He had discovered the other factor, vix., vaso-dilator nerves, and that 
each gland is supplied by vaso-constrictor and vaso-dilator fibres. 

We have not space to refer to the other works of Bernard—to 
his work on heat and poisons. He showed that carbonic oxide 
combined firmly with the haemoglobin of the red blood corpuscles 
and thus caused death by asphyxia; the tripod of life of Bichat was 
upset. He also showed that curare acted on the intra-muscular parts 
of the nerves, and thus set at rest the old question of “ independent 
muscular excitability,” a problem that involved a war of words 
between Whytt and Haller. He showed the identity of animal and 
vegetable processes. 

Indeed, in 1846, he had even shown that stimulation of the vagus 
arrested the heart and that its section (1849) made the heart beat 
quicker; that the respiratory movements were arrested by stimulation 
of the superior laryngeal nerve (1853). There were all the data for 
the discovery of inhibitory nerves; but his mind was preoccupied 
with other .matters. He contented himself with stating the facts. 
These facts are taken from VCEwcre de Claude Bernard (1881). Any 
one interested in the story of his life-work will find it in that volume, 
which contains—First, the dloge of E. Kenan, who succeeded Bernard 
as Membre de I’Acad^mie Francaise ; the discourse pronounced at 
his funeral by his favourite pupil, Paul Bert, and the analytical table 
of his works (p. 97 to p. 333); the Bibliography of his Scientific 
Work, p. 337 to p. 384. He published in seventeen octavo volumes 
his lectures given at the College de France, at the Sorbonne, 
and the Museum. The charmingly written Life of Bernard, by 
Sir Michael Foster, in the series Masters of Medicine (1899), gives a 
graphic picture of the man and his works by one “ who never saw 
his face.” 

Bernard died of an acute renal affection in 1877, probably 
contracted in the damp, dingy room in which he worked. 
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H. VON HELMHOLTZ. 
1821-1894. 

Born at Potsdam. Helmholtz was successively Army Sm-geon, 
Lecturer on Anatomy in Berlin, Professor of Physiology in 
Konigsberg (1849-56), Bonn (1856-59), Heidelberg (1859-71), 

Professor of Physics in Berlin from 1871 until his death. In his 
graduation thesis (1844), he showed that nerve fibres are processes 
of nerve cells, using for this purpose the ganglia in the leech and 
crab. In 1848 he contributed an important paper on the fermenta¬ 
tion set up by yeast, but his talent and genius lay in his treatment 
of physiological problems from the physical and mathematical side. 
By his investigations on animal heat he was ultimately led to lay 
the foundations of the great doctrine of conservation of energy. 
By thermo-electrical methods he was able to measure the heat 
produced during the contraction of an excised bloodless muscle of a 
frog. He studied the contraction of muscle by means of a myograph 
recording on a revolving surface, and measured the phases of the con¬ 
traction and the duration of each. In 1837, when still only twenty-six 
years of age, he published his epoch-making essay—Die Erhaltung dm- 
Kraft; The Conservatvm of Force, or, as we now call it, energy, thus 
applying to energy the doctrine that Lavoisier had applied to matter, 
its indestructibility. The form of both may be changed; the amount 
remains constant. JULIUS ROBERT MAYER (181M878) of 
Heilbronn, about 1842, applied this doctrine to the organic world, 
and even calculated the mechanical equivalent of heat. J. P. JOULE 
(b. Salford 1818; d. 1889) ascertained experimentally the true 
equivalent to be 425 kilogramme-metres for 1°C. Joule’s researches 
extended over a period of about nine years (1840^9), when the 
dynamical equivalent of heat was finally determined for mechanical 
work, electricity, electro-magnetism, and light. Once established in 
Kbnigsberg, Helmholtz solved, on a piece of frog’s nerve two inches 
long, a problem that, only a short time before, his great master, 
J. Muller, had declared to be incapable of solution, viz.; the rate 
of propagation of a nervous impulse or the excitatory state in 
a nerve. In 1831 he invented the ophthalmoscope, the year of 
our first great International Exhibition—“ a discovery i-ather 
than an invention, a revelation transforming ophthalmology.” 
W. Gumming and BrUcke, in 1847, found a method of rendering 
the normal .eye luminous, and came very near the discovery. 
“The whole world spoke of it; every one wanted to see the 
ophthalmoscope, which revived long lost hope.” In Bonn he 
studied physiological optics, and worked out fully the mechanism of 
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accommodation, a discovery previously made by Cramer, a pupil 
of Bonders. He also was busy with his researches bn colour and 
colour sensation. Thomas Young had previously asserted that red, 
green, and violet, are the three primary colour sensations. Helmholtz’s 
attention was directed to the subject by Muller’s doctrine of the 
specific energy of nerves. His Handbuch d. physiologmkm Optik 
was published from 1856 to 1867 (2nd ed. 1885-1894). 

At Bonn (1856) and Heidelberg (1871) he devoted himself 
largely to the study of the sense of hearing, and his great work, 
Sensatmmof Tone as a Physiological Basis of Musk, appeared in 1863, 
and his monograph (New. Syd. Soc.) on the Omcks of the Ear in 
1869. In 1871 he returned to Berlin to succeed Magnus in the Chair 
of Physics. Here we need only remark that he was one of the 
greatest men of the last century, and any one caring to read a full 
account in English will find an excellent description of his work by 
Professor J. G. McKendrick in the Masters of Medkine series (1899). 

CARL LUDWIG. 
1816-1895. 

Born in Witzenhausen, his studies were carried on in Marburg, 
where he graduated and became Professor of Comparative 
Anatomy in 1846. Zurich (1849), Vienna (1855), and Leipzig 

(1865), were the other spheres of his activity. From each and all 
of these centres his numerous pupils published under his direction and 
guidance an amount of work the extent and originality of which is 
probably unsurpassed. His own papers are epoch-making, and he 
founded the largest school of physiologists of modem times. The 
strongly physical trend of all his work helped to lay the foundation of 
the modem school of physiological thought—the school of Du Bois- 
Reymond, Helmholtz, and E. Briicke—a school opposed to the 
“ Vitalismus ” of Johannes Muller. 

As I have written fully of the life-work of my master elsewhere— 
Medkal Chrmkle, June, 1895,1 wiU content myself with a reference 
to some of his famous papers—a^'., that on the kidney and the 
secretion of urine in 1845, his epoch-making conversion of the 
hsemodynamometer of POISEUILLE into his kymographion in 
1847, the instrument which first recorded the beating of the heart. 
By adopting a principle which was first employed by the celebrated 
James Watt, he applied the graphic method to the study of physio¬ 
logical problems. Blood gases and a gas pump, the depressor, nerve 
the chorda tympani and its action, the secretion of glands, lymph 
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fonnation, position of tlie vaso-motor centre, course of vaso-motor 
nerves, perfusion of blood through excised organs, the puncture 
method in histology, &c., are but a few of the many problems that he 

followed successfully. Every one of his many pupils—^pupils 
numbering over three hundred—of all nationalities, fell under the 
influence of his enohantii^ personality. 

E. DU BOIS-REYMOND. 
1818-1896. 

DTJ BOIS, as he was often called, of Swiss and Huguenot 
extraction, was bom at Berlin, studied at Bonn, and also at 
Berlin, where in 1840 he was assistant to J. Muller, and in 

1858 succeeded his master in the Chair of Physiology. HLs work lies 
in a limited territory. At Muller’s instigation he investigated the 
“ frog current ” of Nobili. In 1875, thirty-four years after this 
event, he was still busy in seeking an answer to the problem. He 
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followed up the work of KobiU and Matteucci. and greatly extended 
the domain of the physics of muscle and nerve. Like Biot, his work 
was confined to the investigation of certain problems. His Vnter- 
smhungen nber thwrunhe Eleclncimt, Vol. I., appeared in 1841, and 
Vol. II,, dedicated to A. von Humboldt, in 1849; the work 
was completed in 1860. His induction coil, key, myograph, &e., are 
indispensable, and are to be found in every physiological laboratory 
and are in daily use by students of physiology. This is hardly the 
place to give a lengthy account of his work. Some of his papers on 
animal electricity were translated in the Oxford Biographical Memoirs 
(1887). It may be of interest to give a brief accoimt of some of these 
earlier pioneers in this subject. His addresses on great occasions 
brought out the great extent of his knowledge of history, and showed 
him a master of style and ornate expression. He, with Helmholtz, 
Briicke, and Ludwig in Germany, Bonders in Holland, and Bernard 
in France, laid the foundations of the newer physiology. 

ALOISIO L. GALVANL 
1737-1798- 

“ Who,” says Helmholtz, “ when Galvani touched the muscles of a frog with 
different metals, and noticed their contraction, could hare dreamt that all Europe would 
be traversed with wires, flashing intelligence Horn Madrid to St. Petersburg with the 
speed of lightning? In the hands of Galvani, and at first even in Volta’s, electrical 

Bohn in Bologna, he practically snent his life there. He began 
by studying theology, but soon turned to anatomy and 
physiology. He became Professor of Anatomy in 1762. At 

the same time he was engaged in the practice of surgery and 
midwifery. His wife, Lucia Galeazzi, is intimately associated with 
him in his epochal discovery of animal electricity. After a time the 
Cisalpine Eepublic required him to take an oath that was repugnant 
to his convictions, and he demitted office. His Chair was restored 
to him, but he was too ill to fill it again. The foUowing passages 
from Bu Bois-Reymond show the relations of Galvani and Volta to 
the new discovery:— 
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experiment of touching the tongue with two pieces of metal, and 
thereby exciting a metallic taste, occurs in TIteorie generale du Plaisir, 
by Suizer, 1767. Thi'ough the kindness of Professor Patrizi, of 
Modena, I am able to add a portra,it of S. MAEIAKINI, a favourite 
pupil of Volta’s (Como 174.0-1826), whose name is associated with 
the general law of electrical stimulation of nerve and the sensory 
effects produced by the electric current. I have purposely left 
aside the experiments on the electricity of fi-?hes, but one may recall 
the attempt of Cavendish (1776) to imitate the effects of the torpedo. 
Darwin also discusses fully the importance of electrical organs in 
any theory of evolution {Origin of Species, 1850), under the heading 
“ Special Difficulties of the Theory of Katural Selection.” 

F. C. BONDERS. 
/ 1818-1889. 

“Holland has produced more perhaps than its share of men whose names are likely 
to be held in lasting honour by mankind, and amongst them hardly one greater or nobler 
as a hero of science than Frans Comelis Bonders. In him, rare gifts of nature were so 
toppily blended, and turned to such good account for the advantage of his fellow-men, 

those quiet paths of life in which he was content to pass his days.” (W. Bowman.) 

BOfllSf at Tilburg in 1818, his early reveries were of the priest¬ 
hood. He entered the University of Utrecht, and soon became 
specially interested in physiology, as taught by Sehroeder van 

der. Kolk. For a time he acted as a military surgeon and soon 
thereafter was lecturer on anatomy, histology, and physiology in the 
military medical Academy in Utrecht. In Utrecht he remained for 
the rest of his days. At that time G. F. MULDER was helping 
to build up the new physiological chemistry, and he and Donders soon 
became fellow-workers. At that time also JAC. MOLESCHOTT 
was visiting Utrecht. Moleschott in his reminiscences. Fur meine 
Freunde (1895), gives a charming account of the life in Utrecht in the 
late forties. Mulder clearly grasped the idea of the chemistry of the 
cell, and with the aid of Donders and Peter Harding founded histo¬ 
chemistry. Moleschott translated Mulder’s work into German, and it 
appeared in English as Chemistry of the VegetabU and Animal 
Physiology, translated by Fromberg and Johnston (1849). At the 
time there was a bitter dispute between Liebig, then in Giessen, and 
Mulder on the protein question. “ An unnatural, and in some respects 
rmworthy, excitement had found its way into the crucibles and ink- 
stands of Giessen, and Liebig and his pupils, like the wandering 
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knights of old, were shivering their lances against every one they met.” 
It is indeed a most excellent book, with admirable coloured plates 
showing the results of histo-chemical reactions. The plates seem to 
me to be hand-colomed. Molesohott gives graphic word pictures of 
Van der Kolk, Van Been, and other celebrities of the period. 

Molesohott visited Utrecht after his sojourn in Heidelberg. In 
Chapter VI. of his reminiscences he gives a racy picture of the 
Heidelberg Professors in 1847-48 at the time of Tiedemann and 
Grmelin, the time when the classic work on comparative anatomy by 
Siebold and Staunius was published, “ before the torch of Darwin had 
illuminated” the subject. L. GMELIN" was regarded by Liebig as the 
founder of physiological chemistry. In his lectures he seemed to have 
shown so many experiments, that it was difficult for students to 
follow them all with success. F. TIEDEMAHN, of anatomical and 
chemical fame, was an excessively painstaking anatomist. “ On one 
occasion he lectured to us for about fourteen days on the hair.” 
Theodor Bischoff followed in the footsteps of Wolff and Von Baer. 
With Henle a new period of scientific activity arose in Heidelberg. 
The classical work of Tiedemann and Gmelin, Die Verdauung notch 
Versuchm, was published twenty years before, in 1826. The famous 
observations of Beaumont on Alexis St. Martin were made between 
1825 and 1883. The fistula opening into St. Martin’s stomach 
enabled both gastric juice to be collected and the appearance of the 
interior stomach during digestion to be studied. Bassow and 
Blondlot almost simultaneously (1842) made gastric fistulse on animals. 
How these operations have led to our increased knowledge of gastric 
digestion is part of every-day knowledge in physiology. 

From 1840 to 1846 Bonders devoted much attention to the great 
problem of the conservation of energy and its application to the 
phenomena of organic life. “ There is a sum of energy, just as there 
is a sum of matter; both are proportiorrate to each other, both 
remain always the same.” In 1847 he became Professor in the 
University of Utrecht, and lectured, amongst other subjects, on 
ophthalmology, led thereto by his having translated into Dutch, 
Eeute’s work on that subject. It was his own pupil, Cramer, who 
anticipated Helmholtz in the theory of accommodation for near 
vision. Bonders obtained an ophthalmic hospital “through the 
influence of the discovery of the ophthalmoscope and the appearance 
of Von Graefe in Berlin.” In 1858 appeared his great work. 
Refraction and Accommodatim Anomalies, which was translated 
from the Dutch by Dr. Moore of Dublin and pubHshed by the Hew 
Sydenham Society in 1864. It was dedicated to William Bowman, 
F.R.S., who sUtes that “ it constitutes the title on which its author 
takes rank above all his contemporaries as the main founder of a very 
large province of modem ophthalmology.” 
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He was requested by the Inspector-General of Medical Affairs 
to write, along with his successor, Dr. Bauduin, a handbook of 
Physiology (18-53). I do not know the work in its original Dutch 
dress, but the German translation, by Fr. W. Theile, of the first 
volume of Special Physiohgy is one to which I have often had 
occasion to refer. It is a perfect mine of facts, and gives the great 
historical landmarks of the subjects with which it deals—circulation, 
and the blood, digestion, absorption, secretion, respiration, excretion. 
There are few works that bear the stamp of thoroughness so markedly 
as those of Donders. 

In 1862, on the death of Sehroeder van der Kolk, he became 
Professor of Physiology, with the promise that a new Physiological 
Institute would be built for him. This meant a great deal to 
Donders. Snellen became his colleague at the hospital and Th. W. 
Engelmann his assistant in the University. Engelmann later became 
his son-in-law and successor. Engelmann is Professor of Physi¬ 
ology in Berlin, having succeeded Du Bois-Eeymond. Donders’ 
work on the rapidity of cerebral processes is part and parcel of 
modem physiology, and so is that on vagus stimulation, on vowel 
sounds, and on respiration as a dissociation process. He was, in 
fact, one of the mo.st notable men in Holland, introducing safe- 
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guards in railway travelling, based on the facts of colour h1in,tTio»,= 
and directing education. It seems to me that his countrymen showed 
much the same respect towards Bonders as their predecessors did to 
Boerhaave in days gone by. I have heard Ludwig narrate that, if 
it was known that Bonders was to travel by a particular train, and 
was not there just at the moment, he was never left to see the train 
disappearing in the distance. The portrait of the leonine head of 
Bonders, here reproduced from the original picture of G. F. Watts, E. A., 
I owe to the courtesy of Sir Wm. Paget Bowman, Bart., and some of 
the facts contained in this narrative are taken from the notice “ In 
Memoriam of F. C. B., by W. B.,” i.e., Sir Wm. Bowman, the intimate 
friend of Bonders, in Proceedings of Bag. Soe., XLIX., 1891. 

There is another marked personality about this period, to whom 
we must refer, MOEITZ SCHIFF (1823-1896). He was bom at 
Frankfort-on-the-Main, attended the Senkenberger Institute there, 
took his M.B. at Gottingen (1844), and obtained in Paris, under 
Magendie and Longet, and at the Museum, a wide knowledge of 
comparative anatomy. He was successively Professor of Microscopic 
Anatomy and Pathology in Berne (1855-62), of Physiology in 
Florence (1863-76), and, from 1876, Professor of Physiology in 
Geneva. He was a ceaseless and untiring worker in nearly every 
field of physiology. In the list of his published and collected works, 
by his pupil A. Herzen, of Lausanne, the chronological list of his 
works exceeds two hundred. 

J. N. CZERMAK. 
1828-1873. 

CZEEMAK’S name is indelibly associated with the laryngoscope. 
He was bom at Pr^ne, studied at Vienna, and began his 
physiological studies under Purkinje in Breslau, and was 

afterwards his assistant in Prague. He was also Professor in Graz, 
but his period of great activity was in Pesth in 1858-60, the period of 
the invention of the laryngoscope. We need not enter into the 
question of priority as between Tiirck and Czermak; or the use of a 
mirror by Liston, and also by Garcia, for studying these parts. As 
Czermak remarks, “ Bas Kehlkopfspiegelehen war eine sprode Braut, 
von vielen gekannt und umworben, ioh aber babe sie heimgefiihrt.” 

Czermak travelled in Europe, in England and Scotland, and thus 
did much to introduce the use of this instrument. He was Professor 
in Jena, where he delivered an admirable course of popular lectures on 
physiology. Afterwards he built a private laboratory in Leipzig—he 
called it a spectatorium, and I well remember with what he 
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lectured there, devising experiments on a magnificent scale to illustrate 
his lectures. Even then the shadow of a long and fatal illness 
was upon him. I am indebted to his daughter, Frau Dr. A. M. 
Schubart, of Munich, for the beautiful photogravure. His collected 
works were published by his widow. A translation of his work. On 
the Laryngoseope and its Employment in Physiology and Medicine, was 
published by the New Sydenham Society in 1861. This work is 
really the articles published in 1858 and 1859, “ in which he made 
it his study to bring into scientific and practical use the manifold 
applications of the principle of Liston and Garcia’s method of 
inspecting the larynx.” He wished to see this instrument introduced 
into daily practice, like the stethoscope, ophthalmoscope, and speculum. 
Liston’s observations in 1840 were made with a glass speculum fixed 
on a long stalk, and those of Garcia were made in order to study 
vocalization in 1855. I have come across the following passage in the 
Life of Dr. Hodgkin, which may be interesting historically :— 

“At one of these meetings of the Hunterian Society, in March, 1829, *Dr. 
Babii^ton submitted to t^e Society an ingenious instrument for the examination of 
parts within the fauces not admitting of inspection by unaided sight. It consisted of an 
oblong piece of looking glass set in silver wire with a long shank. The refiecting portion 
is placed against the palate whilst the tongue is held down by a spatula, when the 
epiglottis and upper part of the larynx become visible in the glass. A strong light is 

upon it when used, or the halitus of the breath renders it cloudy. The doctor proposed 
to call it glottiscope.’ Hr. Hodgkin refers to it in .a lecture as < the speculum laryngis 
or laryngoscope invented by my friend Dr. Babington in 1829.’” (S. Wilks, Guy’s 
Hosp.Rep., XXIII.) 

LOUIS PASTEUR. 
1822-1895. 

Every one knows the relation of the work of Pasteur to 
medicine and surgery. I will therefore content myself with 
giving two quotations and the titles in historical order of his 

great and classical works; the names of these are inscribed on the 
beautiful marbles that line the vault in which his remains are deposited 
in the Pasteur Institute, of Paris. The tomb is buUt after the style 
of that of Galla Plaoidia at Eavenna. Dyssymmetrie TnoUculaire 
(1848); Fermentation (1857); Generations dites spontanees (1862) : 
Etudes sur U Yin (1863) ; Maladies des Vers & soie (1865); &udes sur 
la Biere (1871); Maladies Yirulentes (1877); Virus Vacmns (1880); 
Prophylaxie de la Rage (1885). The two quotations bear directly on 
the theory of fermentation and biogenesis, the one from Liebig, the 
other from Pasteur. Each tells its own story. 



ALEXANDER MONRO (L). 
1697-1767. 

AMONEO primus, after studying under Cheselden, went to 
• France and Holland, and in 1718 worked under Boerhaave, 

who at that time was fifty-one years of age. On his return to 
Edinburgh, at the age of twenty-two, he was elected Professor of 
Anatomy in the University. His collected works were published by 
his son, Monro seeundus, in 1781. The portrait is taken from this 
volume. It is said that Lavater fell in love with the face. Monro 
has the chief merit in the establishment of the Eoyal Infirmary, and 
of a society which became incorporated as the Eoyal Society of 



assisted his father, and finahy became his successor. We need not 
discuss his dispute with Wm. Hunter regarding the lymphatic system. 
.His chief contributions relate to the nervous sjskem—Mia-oscopical 
Inquiries into the Nerves and Brain (1780 fol.); Observations on the 
Structure and Functions of the Nervous System (1783 fol.); Structure and 
Physiology of Fishes explained and compared with those of Man and other 
Animals, 1785, &e., wherein he describes himself as Professor of 
Physio, Anatomy, and Surgery. This work contains forty-fom- mag¬ 
nificent plates, and part of one I have reproduced. In fact, even in- 

modern text books there is no better delineation of the dissection of 
the brain, ear, and eye of a cod. “ His true reputation was as an 
anatomical teacher and anatomist.” 

JOHN GOODSIR. 
1814-1867. 



A. MONRO, JOHN GOODSIR. 
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was then lecturer on anatomy in Old Surgeons’ HaU, and Goodsir 
foUowed eagerly his brilliant prelections, and practical work. Under 
the third Monro anatomical teaching in the University was at a low 
ebb. At that time Wm. Fergusson (afterwards Sir Wm.), and John 
Eeid (1833), afterwards Professor of Physiology in St. Andrews, 
were Knox’s demonstrators. He learned surgery under James Syme, 
than whom few have done more for the surgical fame of Edinburgh 
—save always his son-in-law Lord Lister. 

Amongst Goodsir’s earliest papers was one on the development of 
the teeth. After practising for some time in Anstruther, Goodsir in 
1839 took up his abode in Edinburgh, 21, Lothian Street. About 
that time Dr. (afterwards Sir) J. Y. Simpson, John Eeid, Martin 
Barry, W. B. Carpenter, and John Hughes Bennett were beginning 
their life-work. Dr. John Eeid’s work on the eighth pair of nerves 
had already made his name known on the Continent. 

He was for a time curator of the Museum of the College of 
Surgeons of Edinburgh, and also gave some lectures, but it is said 
his “matter was very much better than his manner.” He eagerly 
took up the cell doctrine. He knew the importance of the nucleus 
and the part played by cells in the process of nutrition, secretion, 
and reproduction. He had views regarding the “centres of 
nutrition,” and advanced considerably our knowledge of the growth 
of cartilage, both by his own work and that of his pupil P. Eedfern, 
still happily amongst us, and formerly Professor in Aberdeen and 
Belfast. There is one curious chapter in Goodsir’s history. The great 
work on Cellular Pathology was dedicated by its author, E. Virchow, 
to John Goodsir, F.E.S. &c., “as one of the earliest and most acute 
observers of ceE-life both physiological and pathological, as a slight 
testimony of his deep respect and sincere admiration by the Author.” 

“ In 1840 Goodsir, in the strength o£ his adolescence, presented a tall, gaunt frame, 
whose height (75 inches) towered above all his friends. There was a grave if not sombre 
tone in his looks, increased by his brown hair combed downwards over his capacious 
forehead, his stooping shoulders, and downcast visage. His face, however viewed, was 
striking from its sizej Ms prominent nose, deep and thoughtful eyes, large mouth and chin, 
and general expression, showed power, calmness, and perseverance. . . . His hands, 
colossal in size and muscular power, and not less fine in deUeacy of action, were fitting 
instruments to his brain, and often in co-ordination with its manifold manifestations.” 
(Memoir by Henry Lonsdale in AmA. Mem., ed. by W. Turner, 1868 p. 70.) 

John Goodsir was elected to the Chair of Anatomy in 1846, and 
succeeded the 
“ evergreen tertius (i.e. Monro), wbo unconcernedly at noon ate cranberry tarts in the 
midst of grinning students at a smaU pastrynsook’s, and with digestion unimpaired the 

(Lonsdale.) “ The three Monros occupied the chair of Anatomy in the University for the 
long period of 1S6 years.” (J. Struthers.) 
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This was the state of affairs as regards anatomy when Goodsir 
took the reins. How thoroughly he did his work, restored and in¬ 
creased the fame of the Edinburgh Anatomical School, need not be 
recounted here. Earnestness, directness, and completeness were his 
three great attributes as a teacher. Goodsir’s collected works were 
published by his successor. Sir Wm. Turner, in 1868. 

He died in 1867, his friend Edward Forbes having predeceased 
him in 1854. The remains of both lie side by side in the Dean 
Cemetery of Edinburgh, and dose by are those of JOHN HUGHES 
BENNETT, Professor of the Institutes of Medicine in Edinburgh 
University from 1848 to 1871. 

Bennett’s name remains associated with the introduction of 
cod-liver oil in the treatment of phthisis, and with the discovery of 
leueocythmmia. As a lecturer he was unsurpassed, his histrionic 
gifts were great and he knew how to use them. Bennett was above 
aU a clinical teacher, and was one of the first to place microscopes in the 
hands of students, so that they might work with them and observe 
for themselves. His merit is great also in connection with the 
introduction mto the medical curriculum of what is now known as 
Practical Physiology. He was one of its earliest pioneers and founders. 
WM. KUTHEEFOED (1839-1899), his successor, had a large share 
in this work. 

WM. SHARPEY. 

1802-1880. 

The little town of Arbroath rejoices in being the birthplace 
of Wm. Sharpey and Charles Smart Eoy (1854-1897). 

I well recollect Sharpey stating that he had the same 
natal day as Harvey and Bismarck, viz., April 1st. He studied at 
Edinburgh, graduated in 1823, and after travelling in Europe, in 
1829 he returned to Edinburgh and began to lecture on anatomy. 
In 1836 he succeeded Jones Quain in University College, London, 
where he remained until he retired in 1874. He was for a long 
time secretary to the Eoyal Society. Sharpey was a great teacher 
rather than investigator, learned in all that pertained to anatomy 
and physiology. His name is associated with “ Sharpe/s fibres ” in 
bone, the nails of Gagliardi (1723). He wrote the article CUia in the 
CydopcBdia of Anatomy and Physiology, by far the best account of 
the subject in English. After a life spent in labouring for others 
and msphing others, he retired in 1874 and died in 1880. 
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Sir WM. BOWMAN. 
1816-1892. 

^ I 'HE year 1816 saw the birth of two great English men of science, 
J- whose names are associated with epoch-making discoveries, 

Wm. Bowman and A. Waller. Cheshire (Ifantwich) and not 
Lancashire was the birthplace of Wm. Bowman. After gaining 
renown as an anatomist and phj'siologist— 

“ He stepped naturally and easily into the position of leader and representative of 
ophthalmic medicine and surgery, holding the same position in this country, though 
for a far longer period, that was occupied in Germany by his friend Von Graefe, 
and in Holland by his still more intimate associate Bonders.” 

Desiring to enter the medical profession, he was apprenticed, at 
the age of sixteen, to Mr. Joseph Hodgson, a member of the Society 
of Friends, in Birmingham. In 1837 he went to King’s College, 
London, where he filled various offices in connection with anatomy 
and physiology, and where he made the acquaintance of John (after¬ 
wards Sir)-Simon, E. B. Todd, Wm. (afterwards Sir) Fergusson. 

He was on the surgical staff of King’s College Hospital for several 
years, but his chief field of clinical labour and success was in the 
Eoyal London Ophthalmic Hospital, Moorfields (1846-1876). 

In matters physiological. Bowman’s name is associated with four 
cardinal discoveries, striated muscle (1840-41), mucous membranes 
and basement membranes, kidney (1842), ciliary region of the eyeball 
(1847). 

The year 1839 marks the publication of Schwann’s Cell Theory. 
The year 1835-36 marks an event in the history of British anatomy 
and physiology—the beginning of the publication of the Cydopmdia of 
Aimtomy and Physiology, by E. B. Todd, wliioh was finished in 1859. 
Be it remembered that Vol. I. of E. Wagner’s Handivorterbuch 
appeared in 1842. 

The Physiological Anatomy and Physiology of Man (1843-56), by 
Todd and Bowman, weU repays perusal even at the present day. It 
marks an epoch in physiology and histology. The wealth of detail in 
the latter subject reflects not only the progress of histological discovery, 
but to that wealth Wm. Bowman added by his own labours no 
inconsiderable store. 

Bowman’s paper On the Minute Structure and Movements of Volun¬ 
tary Muscle (Phil. Trans.) gave us the first clear picture of this structure. 
In aU the plates illustrating Bowman’s work we find “W. Bowman 
ad naturam del.” The muscle story is a long one, but we would 
mention the work of Wm. Mraray Dobie, of Chester, a veteran stUl 



spared to us, whose work on striped muscle in 1849 added much to 
our knowledge of this subject—we still use the term “ Dobie’s line 
and that of G. B. AMICI (1784-1863). Amici gives an excellent 
figure of the sti-ucture of striated muscle (Virchow’s AreUv, XVI., 
1859), but he used the muscles of insects as a test-object for his 
microscopes. His name is associated with the “stria of Amici,” 
with immersion lenses, and, along with that of Mr. Lister, with 
achromatic lenses. 

Closely linked with muscular contraction are the movements 
of protoplasm, animal and vegetable. We recall the work of 
Dujardin, H. von Mohl, Wharton Jones, M. Schultze, &c. I have 
associated the portraits of Amici and Corti. Both belong to the 
school of Modena. W. Ktihne, in one of his latest papers. Die 

Bedeuturu) des Sauerstoffs fdr die vitale Beweguitg (Zeit. f. Biol., 
1897-98), re-investigated the subject of protoplasm. His first work, 
Unters. ilher d. Protoplasma, was published in 1864. 

BONAVENTUEA COETI stated that the motion in the cells of 
Chara is brought to a standstill by the withdrawal of oxygen. 
The Chara was submerged in oil. Corti discovered rotation 

in the cells of Chara, and it was assumed that the above-cited 
experiment showed its dependence on the presence of oxygen. It 
is obvious that, considering the presence of chlorophyll, the latter 
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contention cannot be sustained. But Coi-ti also experimented with 
the cells in -cacuo. A great interest attaches to this subject, viewed 
in the light of Pasteur’s famous classification of aerobic and 
anaerobic organisms. 

Bowman’s paper bears the significant title On the Structure 
and Use of the Malpighian Bodies of the Kidney, with obsei-vations 
on the circulation through the gland. Verily a paper that marks 
an epoch. It brings us to the experimental researches of C. Ludwig 
on this subject:— 

AUGUSTUS WALLER. 
1816-1870. 

Augustus waller, bom in isie, at Faversham, Kent, died 
in 1870 at Geneva, after a short life of fifty-fom- years, that con¬ 
tained a still shorter life—little more than ten years—of physio¬ 

logical activity. But it was a period of strenuous and fruitful activity. 
Waller was never a great teacher, but he was a great searcher. 

The mark of the insatiable inquirer showed itself in the first year of 
his novitiate as a student in the University of Paris, when he, so to 
say, invented the frog’s tongue as an object of physiological study, 
and, on review of Waller’s principal contributions to the science, it is 
curious to recognise how they depend upon this his very first observa¬ 
tion. Waller first spread out the frog’s tongue for microscopic 
observation of the circulation in 1839; seven years later, in 1846,- he 
published his notable (but at that time hardly noticed), Mico-oscopic 
Obsermtions cm the Perforation of the Capillaries by the Corpuscles 
of tlce Bhod {Philosophical Magazine, Kov. 1846), and the numerous 
memoirs that constitute his scientific output during the next ten yeai's 
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His first attempts to trace degenerated nerve fibres were based upon 
it: Minute Structure of the Papillie of the Frog’s Tongue (R. S. Phil. 
Trans., 1849); Experiments cm the section of the Glossopharyngeal and 
Hypoglossal Nm-ves, and Observations on the Alterations produced in 
the structure of their primitive Fibres {R. S. Phil. Trans., 1850); and 
resulted in a body of fact and doctrine that is active and growing at 
this present day. The full account of “ Wallerian degeneration” and 
regeneration is given in a series of twelve memoirs communicated 
to the Acad^mie des Sciences during the years 1851 to 1856. The 
principal paper of the series is entitled Nouvelle Methods pour Vetude 
du Systems nerveux applicable & Vinvestigation de la distribution 
anatomique des cordons nerveux. It summarizes in the briefest possible 
manner Waller’s principal contribution; and by the single compound 
adjective “neuro-gene-trophie,” as applied to the nerve cell, clearly 
indicates to us, as Waller’s view, in the middle of the nineteenth 
century, a doctrine that we have again received from modem observers 
in recent times. The theory of the neurone of 1890 presents us again 
to the neurogenetrophic cell of 1860. 

From the consideration of trophic nerve-cells Waller naturally 
turned to the investigation of the vago-sympathetic trunk. He found 
that after section the cephalic end of the sympathetic and the thoracic 
end of .the.vagus become degenerated; that, therefore, the trophic 
centre of the former is below and of the latter above the point of 
section. In collaboration with Budge, Waller, in 1851, traced back 
the sympathetic to its origin from the spinal cord by means of the 
action on the pupil, and defined the “ cilio-spinal ” region. Tw'o 
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is no need to speak of his work, it speaks for itself. He formed an 
interesting link with Cuvier, and through Clift with John Hunter, and 
stands out as one of the-greatest comparative anatomists of his time. 

THOMAS HENRY HUXLEY. 
1825-1895. 
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“ Why I was christened Thomaa Henry I do not know ; but it is a curious chance 
that my parents should have fixed for my usual denomination upon the name of that 
particular Apostle with whom I have always felt most sympathy ” (Autobiography of 
T. H. H.) «I desired tof obtain a Professorship of either Physiology or Comparative 
Anatomy. ... At last, in 1845, on the translation of my warm friend Edward 
Forbes to Edinburgh, Sir Henry de la Beche, the Director-General of the Geological 
Survey, offered me the p(Bt Forbes vacated' of Palaeontologist and Lecturer on Hatural 
History. I refused the former point blank, and accepted the latter only provisionally, 
telling Sir' Henry that I did not care for fossils, and that I should give up natural 
history as soon as I could get a physiological post. But I held the office for thirty-one 
years, and a laige part of my work has been palseontological.” 

The portrait in the text is taken from a replica of the bronze 
medallion designed by Frank Bowcher, Esq., for the Corporation of 
Ealing. We are glad to have a copy in our Medical School, thanks 
to the liberality of James Grimble Groves, M.P. for South Salford. 
The medallion is intended to mark the fact that Professor Huxley 
on October 2nd, 1874, opened the Medical Department of Owens 
College, when the original Pine Street School—Eoyal Manchester 
Medical School—was incorporated with Owens College. The 
collotype is from the second portrait of Huxley, painted by his son- 
in-law, the Hon. John Collier, to whom I am indebted for 
permission to reproduce this portrait. “ It represents him sitting in 
his study at Marlborough Place, where he did so much of his work. 
All the accessories are faithfully reproduced. It was painted in 1890, 
shortly before he moved to Eastbourne.” 

For the present here endeth the story of “Some Apostles of 
Physiology.” 
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